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(57) [Abstract] 

[Means of Solution] Between pair of electrodes, at least one la 
yer clamping doing layer which at least 1 kind contains, the 
benzo pyro methene compound, organic electroluminescent 
element which becomes. 

[Effects)] Organic electroluminescent element where light emi 
ssion luminance is superior is offered. 
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[Claim(s)] 

[Claim 1] Between pair of electrodes, at least one layer clampi 
ng doing lays* which at least 1 kind contains,the conpound 
which is displayed with below-mentioned General Formula (1) 
(Chemical formula 1), organic electroluminescent element 
which becomes. 

[Chemical Formula 1] 



C5t1\ Rj , R 2 . R 3 . R 5 % R 6 % R 7 % R 8 % R 

7fr*Mt % /\ny/7;M^g, 7^=1*^7 Ji*;t*. 

;i,#-n,S % 7)\,*c)\,-h)\,7£-)\,T 7'J-;u*^* 
-;i/7 5/g. 7U-^7S/*;UtKzi;u^ 7'J-;M-+ 
•>*;Mt;UL 75^H, K*«3t7»J-;M^ ft* 
£5t7»J-;u» % 7;M^**S. 7U~^^^S V 7;^ 
-^**->*;utR-^», 7^;u^;^^rv^;u^-;^ 
7^a+*>^;^-;u7 7 ;ba4rv^;u^->^ 7;u*;u* 

) 75/*;U7tC-^S % *fcf*7;U*r.;u£££u R 4 fi 
*>7/g. 7;u*;uS. 7^;u+;us. Rfftsa 
7U-;us. «*h«7»j-;ul £fcf*7;i^r-^S£g 

77^n ja*asc7 , j-;i.s. *fci*tt*a3t7 



(The inside of Formula, Rl , R2, R3, R5, R6, R7, R8,A 
sfor R9 to respective independence, hydrogen atom, halogen 
atom, cyano group, alkyl group, halogeno alkyl group , 
alkoxy alkyl group, alkoxy group, alkoxy alkoxy group , 
aryloxy group, acyl group, alkoxy carbonyl group , dialkyl 
amino rarbonyi group, alkyl carbonyl amino group , aryi 
carbonyl amino group , aryi amino carbonyl group , aryloxy 
carbonyl group , aralkyl group , the carbocyclic aryi group , 
heterocyclic aryi group, alkyl thio group , aryi thio group , 
alkenyl oxycarbonyl group , aralkyloxy carbonyl group , the 
alkoxy carbonyl alkoxy carbonyl group , alkyl carbonyl alkoxy 
carbonyl group, di (alkoxy alkyl) amino carrxmyl group or 
alkenyl group are displayed, R4displays hydrogen atom, cyano 
group, alkyl group , aralkyl group , carbocyclic aryi group , 
the heterocyclic aryi group or alkenyl group, Rio and Rl 1 
displays fluorine atom, alky! group , the alkoxy group , 
aralkyl group, carbocyclic aryi group or heterocyclic aryi 
group) 

[Claim 2] Layer which contains compound which is displayed 
with General Formula (l),the organic electroluminescent 
element which is stated in Claim 1 which is a luminescent layer. 



[R#«4] -fiSit (1) T?S£*i*<b£ft££ft?£jS 



[Claim 3] Layer which contains corrpoimd which is displayed 
with General Formula (l),the organic electroluminescent 
element which is stated in Claim 1 which is a electron- 
implanted transport layer. 

[Claim 4] Layer which contains conpound which is displayed 
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r*uw=BB<D*««#«*BT. 



[R*«5] -»<d*«ihi=, ih\z. iE?LaAaai* 



[0001] 

*$6ei** fta«aa*a?i=B 

[000 2] 

[«*<o««r] ft*, aaumaaTtt* mm. 
»3W»ic*a*m*m*fc*a«*«*B* (*« 

fe CAppL Phys. Lett., 51 % 913 (1987)] 0 *aB9MK 

s^tt*rafcsa££fc»B£, Balaam; 

BaS*ifcBB-£*U B»Bl=«TJ3J:tfER. 
LT«*+4*^-C**. *BBB*%*7-f*. Bv~B+ 

«fc**0a**aK-r*cfcfcj;y % a*a>fe.(**it 
*fe. fffe, aft) (Da********. ca>j:5ftaa* 
*"r«*a«iHMt«*tt* a^a?*^ 

*<b<* *a±*#-ci*&i*. 



[ooo3] a*aa*«±****atLr, mtmtL 
*Ahfc6»tu t-vy^mm** e5>«»*tyxh 

fbSto (K-/OK) * LTBlifc*a*JMXB?4<aS 
[J. Appl. Phys., 65 . 3610 (1989) ] 0 £ 



with General Formula ( 1 ), furthermore organic 
electroluminescent element which is stated in any of Claim 1 
to 3 whichcontains luminescent organometallic complex. 

[Claim 5] Between pair of electrodes, furthermore, organic elec 
troluminescent element which is stated in any of Claims 1 
through 4 which possesses positive hole injection transport 
layer. 

[Claim 6] Between pair of electrodes, furthermore, organic elec 
troluminescent element which is stated in any of Claims 1 
through 5 which possesses electron-implanted transport layer. 

[Description of the invention] 
[0001] 

[Technological Field of Invention] This invention regards orga 
nic electroluminescent element. 

[0002] 

[Prior Art] Until recently, inorganic electroluminescent elemen 
t was used as for example backlight or other panel type light 
source, but the said luminescent element is driven, high voltage 
of alternating current is necessary. Recent, organic 
electroluminescent element (organic electroluminescent 
element : organic electroluminescent element) which uses 
organic material for light-emitting material was developed( 
Applied Physics Letters, 51 and 913 (1987)). organic 
electroluminescent element, thin film which includes 
fluorescence organic compound, having structure whichthe 
clamping is done between anode and cathode, filling 
electronand positive hole (hole) in said thin film, forming 
exciton t^+*> ton) by recombination doing, when this 
exciton inacnvation doing, it is a element which light emitting 
is donemaking use of light which is discharged As for organic 
electroluminescent element, with low voltage of direct current 
of several V to several tens V extent, light emittingis possible, 
light emitting of various color ( for example red color , blue 
and green color ) is possible by inaddition selecting types of 
fluorescence organic compound. As for organic 
electroluminescent element which possesses this kind of feature, 
application tothe various luminescent element and display 
element etc is expected. But, generally, light emitting 
brightness is low, in regard to utility it is not asatisfactory. 

[0003] for example tris (8 - quinolinolato) aluminum is designa 
ted as host compound light emitting brightness as method 
whichimproves, as luminescent la>^r, organic 
electroluminescent element which uses coumarin derivative 
and pyran derivativeas guest compound (dopant) is proposed ( 
Journal of Applied Physics (0021-8979, JAPIAU) , 6 5, 3 610 
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3, 5, 7, 8-'<>£^;u-4. A-*}?llita-4- 

9-1 1 88 80^8) o LfrLSrt<b> ttftffi(=Ett$ 

l^ttfflULfc, «B8¥9-1 1 88804ft 

«=E«**iT^4ep^T>BHMK«Atf. i. 3. 5 

3a. 4a-s;7if-8-f>irt» ^swrsjitas 



[0004] 

TjftSo I 



[0005] 

*#§W#£l*, 



-»0>«*mi::. TBHftS < 1 ) Mb 2-) TJ«S*iSfb 



(1989)). fa addition, tris (8 - quinolinolato) aluminum is 
designated as host compound as luminescent layer, theorganic 
electroluminescent element which uses pyromethene 
derivative ( for example 1,3,5,7,8 - pentamethyi - 4, 4-di 
fluoro - 4 - bora - 3a,4a-di aza - s - indacene ) as guest 
compound is proposed, ( Japan Unexamined Patent Publication 
Hei 9-11 8880 disclosure ). But, when pyro methene 
derivative which is stated in said disclosure is used, emission 
colorwas green or yellow green, in addition has possessed 
satisfactory light emitting brightness withit is difficult saying 
was ascertained. Furthermore, adhesion of layer and electrode 
(for example cathode) which contain pyro methene derivative ( 
for example 1 ,3,5,7,8 - pentamethyi - 4, 4-di fluoro -4- 
bora - 3a,4a-di a2a - s - indacene) which is stated in Japan 
Unexamined Patent Publication Hei 9-11 8880 disclosure is 
scanty, improvement beingnecessary at tune of use of long 
period, was ascertained. Presently, ligfit emitting it does in 
amber color or red color, organic electroluminescent 
elementwhich light emitting is done is desired to and high 
brightness. 

[0004] 

[Problems to be Solved by the Invention] Problem of this inven 
tion is superior in light emission efficiency, it is to offer 
theorganic electroluminescent element which light emitting is 
done in high brightness. 

[0005] 

[Means to Solve the Problems] This inventor etc, result of dilig 
ent investigation, this invention reached to completion 
inregard to organic electroluminescent element. As for 
namely, this invention, 

Between pair of electrodes, at least one layer clamping doing 1 
ayer which at least 1 kind contains,the compound which is 
displayed with below-mentioned General Formula (1) (Chemical 
formula 2), organic electroluminescent element which becomes, 

Layer which contains compound which is displayed with Gener 
al Formula (l),is luminescent layer organic electroluminescent 
element which is stated, 

Layer which contains compound which is displayed with Gener 
al Formula (l),is electron-implanted transport layer organic 
electroluminescent element which is stated, 

Layer which contains compound which is displayed with Gener 
al Formula (l),furthermore organic electroluminescent element 
which is stated in any of theaforementioned to which contains 
luminescent organornetallic complex, 
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[0006] 
[*2] I 




Between pair of electrodes, furthermore, organic electrolurniri 
escent element which is stated in any of aforementioned to 
which possesses positive hole injection transport layer, 

Between pair of electrodes, furthermore, organic electrolurnin 
escent element which is stated in any of aforemaitioned to 
which possesses electron-irnplanted transport layer, it is 
somethingreg3rding. 

[0006] 

[Chemical Formula 2] 



[a*. R 1 . R 2 . R3 * R5 * R6 - R7 * Rs * R 

7;Mn/uS. /\py/7^S, 7;na*S/7;u*;u£. 
7;u=i**>£, 7;^4^>7;^*yS, 7'J-,M-**>S 
, 7v;us. 7;u=i*va;i^-;us. ^7^*;u7^y* 
n^-jus* 7;i/*n^M^-;u7£>'g, 7y-;i/A^# 
-;u7*/£, 7'j-;u7 5y ru-fl*** 
•>*;b*-;u». 7^u*;uS. 8t^xC7U-;ua. lix 
S^7 J J-;uS. 7;u*;u^*£, 7'J-;u^*S. 7;u>r 

7;u=i ^ v*;1/tS-;u7;u=i ^*>* 7;u*ju* 

) 7^y $fci*7;u^r-;u££Su R 4 f* 

tKUIJI^ $/7V*. 7>u*;u£, 77^+^8, 
7«;-;us. «^aa7U-;bS. £fcii7;i^r-;uS£g 
U Riofc^^Rii^^^*!!^^ 7;u*;us. 7;m*> 
77^H, K3dS^7»J-^S. £f-f*«fiS85t7 



(The inside of Formula, Rl , R2, R3, R5, R6, R7, R8,A 
sfor R9 to respective independence, hydrogen atom, halogen 
atom, cyano group, alkyl group, halogeno alkyl group , 
alkoxyalkyi group, alkoxy group, alkoxyalkoxy group, 
aryioxy group, acyl group, alkoxy carbonyl group , dialkyi 
amino carbcmyi group , alkyl carbonyl amino group , aryl 
carbonyl amino group , aryl amino carbonyl group , aryioxy 
carbonyl group , aralkyl group , the carbocyclic aryl group , 
heterocyclic aryl group , alkyl thio group , aryl thio group , 
alkenyi oxycarbonyl group , aralkyloxy carbonyl group , the 
alkoxy carbonyl alkoxy carbonyl group , alkyl carbonyl alkoxy 
carbonyl group , di (alkoxy alkyl) amino carbonyl group or 
alkenyi group are displayed, R4displays hydrogen atom , cyano 
group, alkyl group, aralkyl group , csnbocyclic aryl group , 
the heterocyclic aryl group or alkenyi group, RiOand Rn 
displays fluorine atom, alkyl group , the alkoxy group , 
aralkyl group , carbocychc aryl group or heterocyclic aryl 
group) 



[0007] 

i&wvmmoi&m sit* xftmzmLxwmzt&wtz 

S (1) V&ZHZ*^*J\£a*T>%<t£te£<PU<£t, 

• WB-«St (1) T*&2ti%>'<>*Jtfn*T>&<l£mz 
fcC^"C„ Rj % R2 * R3 % R§ * Rg % R7 * Rg » R 

7;u*;uS> /\ay/7;u+;uS. 7;i^*v7;u*;u&. 

7;U=I**>S. 7;U3^rv7;U=l*S/S. 7U-;U^^ri/S 



[0007] 

[Tmrxxiiment of Invention] You explain in detail below, in rega 
rd to this invention, organic electroluminescent element of 
this invention, between pair of electrodes, at least one layer 
clamping doing layerwhich at least 1 kind contains, benzo pyro 
methene compound which is delayed with meaforementioned 
General Formula (1), is something which becomes. In benzo 
pyro methene compound which is displayed with 
aforementioned General Formula (l)purang, Rl , R2 , R3 , 
R5, R6, R7, R8 , As fix R9 to respective independence, 
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a^7«J-;uS. 7;M^i>^:*g, 7 l J-;u*>J-g. 7;Kr 
7;i/3+e/*^7tf^;u7;u3^rv*;t/^;bS. r^jut 
) 7*y £/cl*7;i^x;uS£SU #£L 



[0 00 8] r, % r 2% r 3 % r 5 % r 6% R? % R 

x^;uS, n-^a iso-7 □ fc?;u». n-:?*;ug. i 

so-;?*n,g % sec-^;i» v t-^^S. n-K>^;uS, 
iso-^>^;us % 2-^^;u^;i/S. l-^^;u^;us, n 

;u^>*;ug, 3,3-v^;u:7*n,g, 2,3-^;* 

U-v^;u?^;uS % 2,2-s;>^;u^;uS > 1.2-5? 

. 2-X*;i,?*n,£ % 1-if;^f^ i, 2, 2- h 'J > 
y^Jl*^ M^-hlM?^??;!^ 1-x^;u-2- ^^;u 
"^pfcf;i/S, cyclo->\*v;US. n-'s^vuS. 2-*^^ 
*^>^S. 3-^^;u^s^*>;uS % 4->^ju^**>;m, 

2-x^;u^^v;ug, *;U'v*$/;i,a % 2,5,5-h'J 

>^;U^<>^;US. 2,4-v>^;u^s+v;uS, 2,2,4-hU> 
^'O^g. n-/x;t,g, 3,5 r 5-h'Jpt^U^^U« 
. 4-x^;u^-^^;^ 4rX^;i,-4,5- 

;i^**>^* % rh^>fv^ n-KxiWUg. 1.3,5,7-t* 
hv>^*^;uS. 4-^;u^-^^;uS. 6,6-vx^;i, 

n-f h7r>;i/S, n-^>5>xi>;Ug. 3 ( 

g. 2,2,5,5-xr^y^;t,'s**>;US > l-cyclo-'O^U 
-2, 2- ^>T;U^Pt:;uS. 1-cycIo-'s*v;i>-2, 2- v> 
^7p tf^«*(Dfiffl, #tt*fcl*»tt<D7/M^WI ; 



[0009] «x.tf. ?pp/5MUS. ^pp>f;n, 

;*^ug, *>*:7;M-px^/u£ % /:J-?;u;*p:?^ug 
^a>/NpyyT;u^;uS;CH^« v > h**>x*;i,^ xh 



hydrogen atom, halogen atom , cyano group, alkyi group, 
halog^ioalkyi group, alkoxy alkyl group , the alkoxy group , 
alkoxyalkoxy group, aryioxy group , acyl group , alkoxy 
cartway! group , dialkyi amino carbonyl group , the alkyl 
carbonyl amino group , aryi carbonyl amino group , aryi 
amino carbonyl group , aryioxy carbonyl group , aralkyl group , 
carbocyclic aryi group , the heterocyclic aryi group , alkyl thio 
group, aryi thio group, alkenyi oxycarbonyi group , 
aralkyioxy carbonyl group , alkoxy carbonyl alkoxy carbonyl 
group , the alkyl carbonyi alkoxy carbonyi group , di (alkoxy 
alkyl) amino carbonyl group or alkenyi group are displayed, 
preferably, hydrogen atom , the alkyl group and carbocyclic 
aryi group are displayed. 

[0008]AserribodirnQitofRl, R2, R3, R5, R6,the R7 and 
R8andR9, hydrogen atom ; halogen atom of fluorine , 
chlorine, bromine and iodine; cyano group; for example 
methyl group , ethyl group , n- propyl group , iso- propyl 
group, n-butyi group, iso- butyl group, s-butyl group , t- 
butyl group , n- pentyi group , iso- pentyi group , 2- methyl 
butylgroup, 1 -rneth)dbut>d group, neo-poit>4 group, 1,2- 
dimethyl propyl group , 1, 1- dimethyl propyl group , cyclo- 
pentylgroup, n- hexyi group , 4- methyl pentyi group , 3- 
methyi pentyi group, 2- methyl pentyi group , 1- methyl 
pentyi group , 3, 3- dimethylbutyl group , 2, 3- dimethylbutyl 
group , 1, 3- dimethylbutyl group , 2, 2- dimethylbutyi group , 1, 
2- diirethylbutyl group , 1, 1- dimethylbutyl group, 3- ethyl 
butyl group, 2- ethyl butyl group , l-eth>1 butyl group, 1,2,2- 
trimethyi butyl group , 1,1, 2- trirnethyi butyl group, alkyl 
group of l-ethyl-2- methyl propyl group , eye lo- hexyi 
group, n-heptyi group, 2- methyl hexyi group , 3- methyl 
hexyi group , 4- methyl hexyi group , 5- methyl hexyi group , 
2, 4- dimethyl pentyi group , n- octyl group , 2- ethylhexyi 
group , 2,5- dimethyl hexyi group , 2,5,5- trirnethyi pentyi 
group , 2, 4- dimethyl hexyi group , 2,2, 4- trirnethyi pentyi 
group, n- nonyl group , 3,5,5- trirnethyi hexyi group , n- 
decyl group, 4- ethyl octyl group , 4- ethyH5- dimethyl 
hexyi group, n- undecyl group , n- dodecyi group , 1,3,5,7- 
tetramethyl octyl group , 4- butyl octyl group , 6,6- diethyl 
octylgroup, n- tridecyl group , 6- rnethyl- 4- butyl octyi 
group , n- tetradecyi group , n- pentadecyl group ,3,5- 
dirnethyl hept>d group , 2,6- dirriethyi hqrtyl gro 
dimeth>1heptyl group, 2,2,5,5- tetrameth^ hex>4 group , 1- 
cyc lo- pentyi-2, 2- dimethyl propyl group , 1-cyclo-hexyi- 
2,2- dimethyl prop>d group or other straight chain and 
branched or cyclic; 

[0009] For example cWcromethyl group , dichlcrorrethylgro 
up, fluoromethyi group , mfluoromethyi group , penta 
fluoromethyi group , pentafluoroethyl group and 
nonafluorobutyl group or other halogeno alkyl group ; for 
example methoxyethyi group , ethoxyeth>d group , iso- propyl 
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pf;us. 2-y h*v^;i/S^(D7;b3^v7;u+;uS; 
Wxll y h+yS, ih+yS, n-:?P**v». iso-? 
□ tK^vS. n-?h*:>«. iso-^h+vS. sec-7h*v 
t-?h**>2k n-'Oh+i/S. iso-'OK+i/S. n 

ti/ih+vS, 3-y h*v?Pfc°;U;J-*vS. 3-(iso- ? 

8;W;Ltf. ?xy*i/S. 2-y^U7xy*i/S. 4-y^ 

y *vS, 4-iso-^p tf xy +i/S^<z>7 M-;u***> 
*;u5;u£. 7*^;uS. xt;i>zj;u*x;i,&, 
n-*?Pfcf;Uzj;U#x;ug, iso-:/P tf;Ufi;i>#x;U£. n-3? 

iso-^>^;u*;l/7Rx;i/S. neo-^>TJU*;U7Kx;uS 



[0010] ey^ii. v>^;u7^y *;u?Kx;us, vif 
n,7£/ zj;M?x;u£. v-n- 7p tf;u7* y *;u?t?x;us 
, v-n- ^7^y *;utK-juS. N-y^;u-N- v£p^ 
* v;U7 5 J ± IVUL-lVtmoV 7fr*fr7 £ J 1) A/7t*x;u 
7**JU7*y£. x*;u:fr;U7f?-;u75/S 
. ;u/tc - ;u7 5 y **07;i/*Ji> A /ut 5 y 

7xx/U7*y zWM*x;uS, 4->Wi- 
;U7^y ^;U^x;ug % 2-y h*v7xx^7 5y *^*x 
4-n-^P t°;U7xx;U7Sy A;u#=;u*»fl>7'J — 
;U7 S y * )[,7$-)l,& ;« 7 x x;l,a - 5 y S 

% ;utKx;u7 = y S^a>7 u — ;u#x;i,7 

, *7xy^v/*;U7Kx^S % 2->fWi/*y*^-^ 

S* 4-y h4rv7xy^rv*^7tcn;us. 4-t-^T;u7xy 

^v^;U7tCx;ua^<D7'J-;U^v*;U7t?x;uS;fiq^|f % 

*ir«>i/)\Jt+ tJ-lVOPJU** *S**JU'<>*sJU& % 

xh*v^>y;uS, h'J^^tP^WOv^ 

7=?)i,*?)i£>. t Kp*v±7^;uy^;uS. y^^7 
^;uy h y ?;i,;j-p y ^;u^-7^^y ^;u£$<&7 



[ooi 1] fcjxlf. 7x-;uS, - Kp7i^s, v7 

y^f;i,7i-;H, HJ> *;U*7xx;Ug, 9*PP7i 
x;uS, y h+y7i-JH, ih+y7i-;^ MJ7 
WP^f;b7i -;bS. N, N-v^ ^;U7 5;7i x;i,£. 



oxyethyi group , 3- methoxypropyi group , 2- methoxybutyi 
group or other alkoxy alkyl group ; for example methoxy 
group , ethoxy group , n- propoxy group , iso- propoxy group , 
n- butoxy group , iso- butoxy group , s- butoxy group , t- 
butoxy group , n- pentoxy group , iso- pentoxy group , neo- 
pentoxy group , n- hexyioxy group and n - dodecyi oxy group 
or other alkoxy group; for example methoxy ethoxy group , 
ethoxy ethoxy group, 3- methoxypropyl oxy group and 3- 
(iso- propyl oxy) propyl oxy group or other alkoxy alkoxy 
group; for example phenoxy group , 2- methyl phenoxy 
group, 4- methyl phenoxy group, 4- t-butyl phenoxy group, 

2- methoxy phenoxy group , 4- iso- propyl phenoxy group or 
other aryloxy group ; for example formyl group , acetyl group , 
ethyl carbonyi group , n- propyl carbonyi group , iso- propyl 
carbonyl group , n- butyl carbonyi group , iso- butyl carbonyi 
group, s-butyl carbonyi group , t-butyl carbonyi group , n- 
pentyi carbonyi group ,iso- pentyl carbonyi group , neo- pentyi 
carbonyi group , 2- methyl butyl carbonyi group and 
mtrobenzyi carbonyi group or other acyi group ; for example 
methoxycarbonyl group , ethoxy carbonyi group, isopropyl 
oxycarbon>i group and 2, 4- dimethyibutyi oxycarbonyi group 
or other alkoxy carbonyi group ; 

[0010] For exarrple dirr^yiamino carbonyi group , diethyl a 
mino carbonyi group , ch-n-propyiamino carbonyi group , di-n- 
butyi amino carbonyi group and N- methyl- N- cyclohexyi 
amino carbonyi group or other dialkyi amino carbonyi group ; 
for example acetyiamino group , ethyl carbonyi amino group 
and butyl carbonyi amino group or other alkyl carbonyi amino 
group; for example phenylarrrino carbonyi group , 4- 
methyiphenyl amino carbonyi group , 2- methoxyphenyl 
amino carbonyi group, 4- n- propyl phenylarrrino carbonyi 
group or other aryi amino carbonyi group ; for example phenyl 
carbonyi amino group , 4- ethyl phenyl carbonyi amino group , 

3- butyl phenyl carbonyi amino group or other aiyi carbonyi 
amino group ; for example phenoxy carbonyi group , 2- 
methyi phenoxy carbonyi group, 4- methoxy phenoxy 
carbonyi group , 4- t-butyi phenoxy carbonyi group or other 
aryloxy carbonyi group ; for example benzyl group , 
nitrobenzyi group , cyano benzyl group , hydroxy benzyl group , 
rnethyibenzyi group , dimethyl benzyl group , trirnethyl benzyi 
group, dichloro benzyi group, methoxy benzyi group, 
ethoxy benzyi group, trifluoromethyi benzyi group , naphthyi 
methyl group , nitro naphthyi methyl group , cyano naphthyi 
methyl group, hydroxy naphthyi methyl group , methyi 
naphthyi methyl group and trifluoromethyi naphthyi methyi 
group or other aralkyi group ; 

[001 1] For example phenyl group , nitrophenyi group , cyano 
phenyl group , hydroxyphenyi group , methyl phenyl group , 
dimethyiphenyi group , trimethyl phenyl group , 
dichlorophenyl group , methoxyphenyl group , ethoxy phenyl 
group , trifluoromethyi phenyl group , N, N- dirnethyiarnino 
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4v^7^;US, jL+JH-??)^ h*) m ?)U*Q* s ?)H- 

. **)l>?*&* **)\,**&s n-:/Ptf;U**g. iso-? 
atfji?*^ n-7?)i,?*&* \so-??)i,Tt&, sec-? 

t-y*)\>?*& % n-^>^;u^^S. iso-'O 

Kit. 7Vfr***slMU#-lum+ 2-?T/*i/*/M?-;U 

*v£ji,#-jug. 7x*^i/**S/:fc;u#-;ug^c7>7^ 



[0 0 12] mXlt. * b*is1))l,7fs-)ljL h*is*)\,7fs- 

*is±)\,7$-)i* h**>A;u*x;u^ -fv^p**5/A 
yutf-ji,* h+i/*;U/P-;uS^o>7;u=i+i/*;u7tc-;i,7 
;H3*v*;U7tf-;ug ; Willi. ^^^u^j;U7tc-;u^ k + 

7^;b^^7tc-^7;u=i+v^;U7fCx;us : mXit. if ( 
/ F+i/if « 7*>'a;M*->u8. ^ dh^»fii/ 
) 75/*;u#-;ug, v (ih^>if« 7sy*;b7tc 
-JU*. v (?ptK*->x*;W 7^y ^;U7fC-;uS^(7)v 
(7;i/P*v7;u*;u) 75/ *;M?-;ug ; tf- 
^PK-;US % 1-?tx;uS. iso-?x-;U». 1-K 

>x-;uS. 2-^<>x->/uS> 2-^f;H- ?x-;ug. 3 
-^t;u-i- ?t->u&. 2-^*;u-2- y^-j^m. 2, 2-v 
*>7/tfx;ug % 2-V7/-2- y ^/u*;U7t^>;ufc:-;u& 
. 2->7/-2- ^^;UX^7h>tf~;uS^7^x;uS^ 



phenyl group, naphthyl group , nitro naphthyl group , cyano 
naphthyl group , hydroxy naphthyl group , methyl naphthyl 
group, trifluoromethyi naphthyl group or ofter carbocyclic 
aryl group ; for example pyrrolyl grcxip , thienyl group , 
furanyl group and oxiVyi group, isoxazoyl basis, oxadiazo 
yl group , imidazoyl group and benzo o>7 yl group , benzo 
thiazoyi group , benzo imidazoyl group , benzofiiranyl group 
and India yl group or other heterocyclic aryl grcxip ; for 
example methylthio group , ethyl thio group , n- propyl thio 
group, iso- propyl thio group, n- butyl thio group , iso- butyl 
thio group, s-butyl thio group , t-butyi thio group , n- pentyl 
thio group , iso- pentyl thio group , 2- methyl butyl thio group , 
1- methyl butyl thio group , neo- pentyl thio group , 1,2- 
dirnethyl propyl thio group and 1, 1- dimethyl propyl thio 
group or other alkyi thio group ; for example phenylthio group , 
4- methylphenyl thio group , 2- methoxyphenyi thio group , 
4- t-butyl phenylthio group or other aryl thio group ; for 
example ally! oxycarbonyl group and 2- butenoxy carbonyl 
group or other alkenyl oxycarbonyl group ; for example 
benzyloxycarbonyl group and phenethyi oxycarbonyl group 
or other aralkyloxy carbonyl group ; 

[0012] For example methoxycarbcoyi methoxycarbonyi group , 
ethoxy carbonyl methoxycarbonyl grcxip , n-propoxy 
carbonyl methoxycarbonyl group and is/J^P tK4t % > 
carbonyl memoxycarbonyl group or other alkoxy carbonyl 
alkoxy carbonyl group ; the for example methyl carbonyl 
methoxycarbonyl group and ethyl carbonyl rnemoxycarbonyl 
grcxip or other alkyi carbonyl alkoxy carbonyl group ; for 
example di (methoxyethyi) amino carbonyl group , di 
(ethoxymethyl) amino carbonyl group , di (ethoxyethyl) 
amino carbonyl group and di (propoxyethyl) amino carbonyl 
group or other di (alkoxy alkyi) amino carbonyl group ;the for 
example vinyl group , propenyl group , 1-butenyl group, iso- 
butenyl grcxip , 1-pentenyi group, 2- pentenyi group , the 2- 
methyi-1- butenyi group , 3- methyl- 1- butenyl group , 2- 
methyl-2- butenyi group , 2, 2- di cyano vinyl group , 2- 
cyano-2- methyl carboxyl vinyl group and 2- cyano-2- 
methyl sulfone vinyl group or other alkenyl group can belisted. 



[0 0 13] R 4 it^m^T. *>7/g. 7;i^;US. 7 7 

it. *^;ug. x*;ug % n-?Ptf;ug % iso-?Ptf;ug. 
n-^^ug, iso-:7^;ug. sec-:^;uS. t-??-;ug. n 

)U=?)l& % neo-^v^HL 1,2-5>f;^P^H, 1 
tf;US, cyclo-'<>^;uS % n-N+v^S 

1->^;uk>^;^ 3,3-v>^;u^;uS. 2,3 



[00 1 3] R4 displays hydrogen atom , cyano group , alkyi grcxip, 
aralkyl group , the carbocyclic aryl group , heterocyclic aryl 
group or alkenyl group, displays preferably, hydrogen atom 
and the alkyi group. As ernlxxiirnent of R4, hydrogen atom ; 
cyano group ; for example methyl group , ethyl grcxip, n- 
propyl group , iso- propyl group , n- butyl group , iso- butyl 
group, s-butyl group , t-butyl group , n- pentyl group , iso- 
pentyi group, 2- methyl butyl group , 1- methyl butyl group, 
neo- pentyl group , 1, 2- dimethyl propyl group ,1,1- dimethyl 
propyl group, eye lo pentyl group , n- hexyi group , 4- 
methyl pentyl group , 3- methyl pentyl group , 2- methyl 
pentyl group, 1- methyl pentyl group , 3, 3- dirnethyibutyl 
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Z-OL^j^y^ji^ 2-x?)\,??)i,& % 1-x^;u^;uS % 
U,2-mj>^;u:^uS. i.i,2-hj*t;u;?t;uS. i 

n-*?^;u£. 2-x^/s^v;uS. 2,5-v>TJl/"s* 
*>;us. 2,5,5-h'J>T;i/^>^^S. 2.4-v^^;u^^v 
JL>S. 2,2,4-K , Jp« ; ? 1 ^V^;1/S, n-/-;us. 3,5,5- 

4-x^;u-4, 5- S^^U^^US. n-^>fv;H, n-K 
fva, i,3,5,7-xh7^T;u^^^;uS. 4-;7^;i~j-£ 
^;US. G^vXT^^^iUS. n-h'JfyyH, 6-/* 
JI/-4- ^^U^T^S* n-f h7fyJI/S, n-^>^f> 

;us. 3,5-v^^^^;bS, 2,6-i?^^;u^^;uS. 

2, 4-^ > * A,a» 2, 2,5,5-fh7^ ^U'N+^US 
, 1-cyclo-'O^U-2.2- ^>^;U^ne;i/S. 1-cyclo- 

tt<»7;Mr/uS ; 



[0 0 14] fljxii. 'O^yuS. -hP^>y;H, v7 

/^7i-^i, y7f;t,7i-^S, MJ/Wi- 

;i/S. ^^dp7i-^S, > h+y7i-;i.$, ih^> 
7iX^S, h'J7/^P>fil'7i-;H, N,N-v>^;u 
.75/7i^l/S, i"7T;US. -FPt7f^S, *s7J 
+ 7?)^ t KD + yf7f ^^kJ-^/US. h 

'J 7;u^n>^^^^;uSm)KSSaT'J-;i/S; en 'J 

S ; #JaJ*. tfxyuS, ^p/<r^ iso 
-?fx;H, M>f-;H, 2-^>t 1 x;uS, 2-*T)l 
-1- ^f-;H, 3-^;u-1- ?t-^Ss 2-/ 

?f-;bS, 2.2-*»7/tf-;i^ l-*s7J-l- 
;u#**>;ut:x;ug, 2->7/-2- >^;ux;u*>trxn,s 



[00 1 5] R 10 fc£t/Rnis:7^1S^ 7;u*;u£. 7 



group, 2, 3- dimethylbutyi group , 1,3- dimethylbutyi group, 2, 
2- dimethylbutyi group , 1, 2- dimethylbutyi group , 1, 1- 
diirethyibutyl group , 3* ethyl butyi group , 2-ethyi butyi 
group, 1- ethyl butyl group, 1,2, 2- triirethyl butyi group , 1,1, 
2- trimethyi butyl group , alkyl group of l-ethyi-2- methyl 
propyl group, eye lo- hexyl group , n- heptyi group , 2- 
methyi hexyl group , 3- methyl hexyl group , 4- methyl hexyl 
group , 5 - methyl hexyl group , 2, 4- dimethyl pentyl group , n- 
octyl group, 2- ethylhexyl group , 2,5- dimethyl hexyl group , 
2,5,5- trimethyi pentyl group , 2, 4- dimethyl hexyl group , 2,2, 

4- trimethyi pentyl group , n- nonyi group , 3,5,5- trimethyi 
hexyl group , n- decyi group , 4- ethyl octyl group , 4- ethyi-4, 

5- dimethyl hexyl group , n- undecyl group , n- dodecyl group , 
1,3,5,7- tetramethyi octyl group , 4- butyi octyl group , 6,6- 
diethyl octyl group , n- tridecyi group , 6- method- 4- butyl 
octyl group , n- tetradecyl group , n- pentadecyi group ,3,5- 
dimethyl heptyi group , 2,6- dimethyl heptyi group , 2, 4- 
dimethyi heptyi group , 2,2,5,5- tetramethyi hexyl group , 1- 
cyc lo- pentyi-2, 2- dimethyl propyl group , 1- eye la- hexyi- 
2,2- dimethyl propyl group or other straight chain and 
branched or cyclic; 

[0014] For example benzyl group , nitrobenzyl group , cyano 
benzyl group, hydroxy benzyl group , methyibenzyi group , 
dimethyi benzyl group , trimethyi benzyl group , dichloro 
benzyl group, methoxy benzyl group , ethoxy benzyl group , 
trifluoromethyl benzyl group , naphthyi methyl group , nitro 
naphthyi methyl group , cyano naphthyi methyl group , 
hydroxy naphthyi methyl group , methyl naphthyi methyl 
group, trifluoromethyl naphthyi methyl group or other aralkyl 
group ; for example phenyl group , nitrophenyl group , 
cyanophenyl group , hydroxyphenyl group , methyl phenyl 
group , dimethyiphenyl group , trimethyi phenyl group , 
dichlorophenyl group , methoxyphenyi group , ethoxy phenyl 
group , trifluoromethyl phenyl group , N, N- dimediylamiiio 
phenyl group , naphthyi group , nitro naphthyi group , cyano 
naphthyi group , hydroxy naphthyi group , methyl naphthyi 
group, trifluoromethyi naphthyi group or other carbocyclic 
aryl group ; pyrrolyl group , thienyi group , fiiranyi group and 
oxa Vyl group, isoxazoyi basis, oxa diazo yi group , 
iirridazoyl group and benzo ox V yi group , benzo thiazoyl 
group, benzo iirridazoyl group , benzoiuranyi group and India 
yl group or other heterocyclic aryl group ; for example vinyi 
group , propenyi group , 1- butenyi group , iso- butenyi group , 
1- pen tenyi group, 2- penteoyi group , the 2- methyl- 1- 
butenyl group , 3- methyl- 1- butenyi group , 2- methyi-2- 
butenyi group , 2, 2- di cyano vinyi group , 2- cyano-2- 
methyi carboxyl vinyl group and 2- cyano-2- methyl sulfone 
vinyl group or other alkenyl group can belisted . 

[0015] RlO and Rl l displays fluorine atom , alkyl group , aral 
kyi group, carbocyclic aryl group , the heterocyclic aryi group 
or alkoxy group, displays preferably and fluorine atom As 
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iso-^;u5, sec-:7^;ug. t-^;uS. n-'Of- 
iso-^>^;uS % 2->^;u^;us; i->^;u^;i/ 

i^P^I/S, cyclo-^>*;^ n-'N^vJUS, 4->^;U 

^*;u«, l,3-v**;u^*;us. 2,2-i;>*-;i,?*;u£ % 

*;US. 2-x.*)\,J*)\,m % 1-x*JU?*;ua % 1,2, 2- h 'J 
**;u^*;uS, U.2-h'J>*^^*;^ l-x*;u-2- 
>f;^aei«, cyclo-'Mrvyug, n-^y=F)^ 2- 
>*;u^+i/;uS, 3->*;u^*S/;m % 4-y 

5-* vM,g. 2 f 4-^>*;UK>^;uS, n-*? 

*;US, 2-x*;^*^m % 2,5-v>^;u/s**>;i,£. 2 
,5,5-h'J>*;i/^>*^S. *;u>s*v;us. 2. 

2.4- h'j**;u^>*;uS, n-;3S, 3,5,5- h'jy*;u 
^*v;ug. n-T>;uS, 4-x^;u;j-^;i,g % 4-x*;u- 

4.5- J?>*^*^» % n-^fva, n-K-rt/^S 
. U,5,7-f h7>f^f^ 4-?*;b*$*;i,» % 

6.6- vx*;u*-?*A,g s n-h'JfviH, 6-**;U-4- ? 
*;u***;i4^ n-f h7fv;H, n-^>^f^l/S, 3 
,5-^>*;u^^*;^ 2,6-^>*;u^^*;uS. 2,4-i? 
**;U^^*;US % 2,2,5,5-x ^U^v^S, 1-c 
ycla-^>^;U-2,2- *;i>:?Q tf;ug, l-cyclo-'s*^ 
;i,-2,2- i*;**;u7ne;i,**a>iML »s*fciiStta>r 



[0 0 16] #J*(i. * h**>g, ih+v«, n-^P/tf* 

iso-^P7tf+i/S. n-?h*vS, isa-^K+i/S, 
sec-^h+i/S, t-7h*S/S, n^>h*vi, iso-*:/ 
h+vl, neo-'Oh^rS/g. n^+vJlt^vl n-K 
T^U**^S£07JU:a*vg; «itl<, *>i^Ug, x 
hP'O^ug. *>7y"0^;uS. t Ka^^>v;H 

v;ug. 2?9aa<<>*?jus % > h+v^O^ug. ih^ 
. t Kp*w-:7^u>*;L,g. >*;u^^*;u>*;uS. 
Kp*>7i-;H, ^;i/7i^s % ^yf^i-ib 

g. MJ/*;U7ix;ug, ^pp7iz^S, * h**> 
xh*i/7i~;H, h'J7;i/tP>f;i/7i 
-^S, N,N-i?^;u7 5/7xx;t,g, ih 
p^-7*;us, i/T/^7*;uS, t Ka*i/+7f ii/S, 
;* *;u^-7*^S. h 'J 7/u*p ^ ^kf^vugSfo&fg 
K5S7'J-;US:tfP'j;uS. ^xyug. 



enixxliment of RlOandRll, fluorine atom ; for example 
methyl group, ethyl group , n- propyl group , iso- propyl 
group, n- butyl group , iso- butyl group , s-butyl group , t- 
butyl group , n- pentyl group , iso- pentyl group , 2- methyl 
butyl group , 1- methyl butyl group , neo- pentyl group ,1,2- 
dimethyi propyl group ,1,1- dimethyl propyl group , eye lo- 
pentyl group, n- hexyl group , 4- methyl pentyl group , 3- 
methyl pentyl group , 2- methyl pentyl group , 1- methyl 
pentyl group , 3, 3- dirrethylbutyi group , 2, 3- dimethyibutyl 
group, l,3-diir^ylbutyigroup,2, 2- dirrrthyibutyl group , 1, 
2- dirrerhylbutyi group ,1,1- dirrethyibutyl group , 3- eth^ 
butyl group, 2- ethyl butyl group , 1- ethyl butyl group, 1,2,2- 
trimethyi butyl group , 1,1, 2- trimethyl butyl group , allcyl 
group of 1- ethyl-2- methyl propyl group , eye lo- hexyl 
group, n- heptyl group , 2- methyl hexyl group , 3- methyl 
hexyl group, 4- methyl hexyl group , 5- methyl hexyl group , 
2, 4- dimethyl pentyl group, n- octyl group , 2- ethylhexyl 
group , 2,5- dimethyl hexyl group , 2,5,5- trimethyl pentyl 
group , 2, 4- dimethyl hexyl group , 2,2, 4- trimethyl pentyl 
group, n- nonyl group , 3,5,5- trimethyl hexyl group , n- 
decyl group , 4- ethyl octyl group , 4- ethyl-4,5- dimethyl 
hexyl group , n- undecyl group , n- dodecyl group , 1 ,3,5,7- 
tetramethyl octyl group , 4- butyl octyl group , 6,6- diethyl 
octyl group , n- tridecyi group , 6- methyl- 4- butyl octyl 
group, n- tetradecyl group , n- pentadecyl group ,3,5- 
dimethyl heptyl group , 2,6- dimethyl heptyl group , 2, 4- 
dimethyl heptyl group , 2,2,5,5- tetramethyi hexyl group , 1- 
cyc lo- pentyl-2, 2- dimethyl propyl group , 1-cyclo- hexyl- 
2,2- dimethyl propyl group or other straight chain and 
branched or cyclic; 

[001 6] For example methoxy group , ethoxy group, n-propo 
xy group , iso- propoxy group , n- butoxy group, iso- butoxy 
group, s- butoxy group, t- butoxy group, n- pentoxy group, 
iso- pentoxy group ,neo- pentoxy group , n- hexyloxy group 
and n-dodecydoxy group or other alkoxy group; forexample 
benzyl group, nitrobenzyl group , cyano benzyl group , 
hydroxy benzyl group , methylbenzyl group , dimethyl benzyl 
group, trimethyl benzyl group , dichloro benzyl group , 
methoxy benzyl group , ethoxy benzyl group , triflucranethyl 
benzyl group, naphthyl methyl group , nitro naphthyl meth>d 
group, cyano iiaphthyl meth>d group , hydroxy naphthyl 
methyl group, methyl naphthyl methyl group , 
trifluoranethyl naphthyl methyl group or other aralkyi group ; 
for example phenyl group, mtrophenyl group , cyanophenyl 
group , the hydroxyphenyl group , methyl phenyl group , 
chmethylphenyl group , trimethyl phenyl group , 
dichlorcphenyl group , methoxyphenyi group , the ethoxy 
phenyl group , mflucromethyl phenyl group , N, N- 
dimeth>darninophen>d group, naphthyl group , nitro 
naphthyl group , cyano naphthyl group , the hydroxy 
naphthyl group , methyl naphthyl group , trifluoromethyl 
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[001 7] *«wa>-fi55t (i) r***i*^>!/tfny 

IWxtf* Journal of Chemical Society, Chemi6a 
I Conmunication, 1994, U2d-mO\zmWi<D^m\z^l^ 
&ZhZ>-t&& (2) (H3) VyFitiiit^t. 



[00 18] 

[ft: 3] I 




LTI4. mz.lis S1S (S1-3) lz*1-{b£B5£lg(fS 



[00 19] 



naphthyl group or other carbocyclic aryi group ; pyrrolyl group , 
thienyl group , ftiranyi group and ox Vyl group, isoxazoyl 
basis, oxadiazoyl group, inridazoyl group and benzo o*/ 
yl group , the benzo thiazoyl group , benzo imidazoyl group , 
benzofiiranyi group and India yi group or other heterocyclic 
aryi group can be listed. 

[0017] Following t<£ itself known method, it can produce ben 
zo pyro methene confound which is shownwith General 
Formula (1) of this invention. Reacting with compound and 
boron trifluoride which are shown with General Formula (2) 
(Chemical formula 3)which is produced in accordance with 
method which is stated in the for example Journal of the 
Chemical Society, Chemical Communications (1359-7345, 
JCCCAT) , 1994, 1 129-1 130 , after producing compound which 
is shown with general formula (3) (Chemical formula 3), 
substituting fluorine atom, it synthesizes benzo pyro methene 
compound which is shown withthe General Formula (1). 

[0018] 

[Chemical Formula 3] 



Compound which is shown in fa* example Table 1 (Table 1 to 
3) as embodiment of benzo pyro methene compound whichis 
shown with General Formula (1) which is used for (In above 
equation, as for Rl to R9 same to description above. ) this 
invention, can be listed,but this invention is not something 
which is limited in these example compound. 

[0019] 



(2) 
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[Table 3] 



[0022] Organic electroluminescent element, usually, between 
pair of electrodes, at least one layer clamping doing 
thelurrrinescent layer which contains light emission component 
of at least 1 kind, is something whichbecomes. It considers 
each functional level of positive hole injection and positive 
hole transport , the electron injection and electron transport of 
compound which is used for luminescent layer, it ispossible also 
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(d) U/«|/HIIf (04) tt££*rfftcfc 
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j§/*#ji/am\i*aH/P8«i!** ibi tf*c 

£iT*££ 0 (D) S©*T**i:Lrtt, 
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to provide electron-implanted transport lays' which contains 
positive hole injection transport layer and/or electron injection 
transpcHtCOTiponent whidi contains positive hole injection 
transport component according to desire. When positive hole 
injection function and positive hole transport functional and/or 
electron injection function of compoundwhich is used for for 
example luminescent layer, electron transport function is 
satisfactory, it it canccmstitute of element of type where 
luminescent layer combines thepositive hole injection transport 
layer and/or electron-implanted transport layer. Of course, it is 
possible also to constitute of element (element of single layer 
type) of thetype which does not provide layer of both of 
positive hole injection transport layer or theelectron-implanted 
transport layer depending upon in case. In addition, respective 
layer of positive hole injection transport layer , electron- 
implanted transport layer and theluirrinescent layer, even when 
being a construction more, may be multilayer construction, the 
positive hole injection transport layer and electron-implanted 
transport layer can also constitute providing layer 
whichpossesses injection function in respective layer, and layer 
whichpossesses transport function separately. 

[0023] Organic electroluminescent element of this invention, b 
etween pair of electrodes, at least one layer clamping doing 
layerwhich at least 1 kind contains, compound which is 
displayed with theaforementioned General Formula (1), is 
organic electroluminescent element which becomes. Inorganic 
electroluminescent element of this invention, as for compound 
which is displayed withthe General Formula (1), positive hole 
injection transport component , it is desirable to use for the 
light emission component or electron injection transport 
component, it is more desirable to use for the light emission 
component or electron injection transport component 
Regarding organic electroluminescent element of this invention, 
it is possible to use compoundwhich is displayed with General 
Formula (1), with alone, or multiple tojointly use is possible. 

[0024] As constitution of organic electroluminescent element o 
f this invention, it is not something whichespecially is limited, 
for example (A) anode / positive hole injection transport layer / 
luminescent layer / electron-implanted transport layer / cathode 
type element (Figure 1), (B) anode / positive hole injection 
transport layer/ luminescent layer/ cathode type element 
(Figure 2),the (Q anode / luminescent layer / electron- 
implanted transport layer / cathode type element (Figure 3) and 
(D) anode / luminescent layer / cathode type element (Figure 4) 
etc can be listed. Furthermore, it is possible also to make (E) 
anode / positive hole injection transport layer / electron- 
implanted transport layer / luminescent layer / electron- 
implanted transport layer / cathode type element (Figure 5) 
whichis a element of type which inserts luminescent layer with 
electron-implanted transport layer. As element configuration 
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of (D) type, light emission component more with shape 
element of type which clamping isdone of course is between 
pair of electrodes but, Furthermore, for example (F) positive 
hole injection transport component , element (Figure 6) of 
type which with shape which nixes ligjit emission component 
andthe electron injection transport component clamping is 
done more between pair of electrodes, with (G) positive hole 
injection transport component and with element (Figure 7), or 
(H) light emission componentof type which shape which mixes 
light emission component clamping is donemore between pair 
of electrodes and there is a element (Figure 8) of type which 
theshape which mixes electron injection transport component 
clamping is done morebetween pair of electrodes. 

[0025] Organic electroluminescent element of this invention is 
not something which is limited to theseelement OHifiguration, 
positive hole mjectiontraii^^ luminescent layer and 
electron-implanted transport layer multiple layers can be 
provided inthe element of respective type. In addition, with 
positive hole injection transport layer and luminescent layer, 
positive hole injection transport componentand with of mixed 
layer and/or luminescent layer and electron-implanted transport 
layer of light emission component, it is possible alsoin element 
of respective type, to provide mixed layer of light emission 
componentand electron injection transport component 
Constitution of a more desirable organic electroluminescent 
element, (A) type element , (B) typeelement , (C) type element , 
(E) type element , (F) type element , is the(G) type element or 
(H) type element, furthermore preferably and (A)type element , 
(B) type element , (Q type element , is (F) type elementor (H) 
typeelement 

[0026] As organic electroluminescent element of this invention, 
you explain adeeming (A) anode /positive hole injection 
transport layer / luminescent layer / electron-implanted 
transport layer/ cathode typeelement which is shown in for 
example (Figure 1). In ( Figure 1 ), as for 1 as for substrate and 
2 as for theanode and 3 as for positive hole injection transport 
layer and 4 as for luminescent layer and 5 as for electron- 
implanted transport layer and 6 as for cathode and the7 power 
supply is shown. 

[0027] It is not something where as for organic electroliirrrinesc 
ent element of this invention, it isdesirable, to be supported in 
substrate 1, especially limits as the substrate. It is desirable, for 
example glass sheet and transparent plastic sheet ( for 
example polyester, polycarbonate, polysulfone , poly 
methyl methacrylate , polypropylene and polyethylene or 
other sheet ), serratiansparent plastic sheet , quartz andthe 
transparent ceramic , or, to be a transparent or semitransparent, 
can list those which consist of thecomposite sheet which 
combines these. Furthermore, to substrate, is possible also feet 
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[0028] As anode 2, as electrode substance, it is desirable to use 
metal , the alloy or electrical conductivity compound where 
work function is large relatively, for example gold , platinum, 
silver, copper, cobalt, nickel , the palladium , vanadium, 
tungsten, tin oxide, zinc oxide, TID (indium * tin * oxide), 
thepolythiophene and polypyrrole etc can be listed as 
electrode substance which is used forthe anode. It is possible to 
use these electrode substance, with alone, or plural tojointly use 
is possible. It can form anode, on substrate these electrode 
substance, with for example vapor deposition method andthe 
sputtering method or other method . In addition, anode may 
be structure more, or to be multilayer structure ispossible. It sets 
sheet electrical resistance of anode, to preferably , several 
hundred /square or below, more preferably andthe 5 to 50 

/square extent, thickness of anode, it depends on also 
material of electrode substancewhich is used, but generally, it 
sets to 5 to 1000 nm extent, more preferably and thelOto 
500 nm extent. 

[0029] Positive hole injection transport layer 3 makes fill of po 
sitive hole (hole) firm anode easy is layerwhich contains 
compound which possesses function which transpcatsthe 
positive hole which functioned, and was filled and. at least 1 
kind using compound (Such as for example phthalocyanine 
derivative, triaryi methane derivative , triaryi amine 
derivative, oxazole derivative , hydrazone derivative , 
stilbene derivative , pyrazoline derivative , poly silane 
derivative , polyphenylene vinyleneand its derivative , 
polythiophene and its derivative and poly N - vinyl carbazole 
derivative ) which possesses compound and/or other positive 
hole injection transport functionwhich is displayed with General 
Formula (1) which relates to this invention it canform positive 
hole injection transport layer. Furthermore it is possible to 
use compound which possessesthe positive hole injection 
transport function, with alone, or plural to jointly use is 
possible. 

[0030] Regarding to this invention, triaryi amine derivative ( f 
or example 4, 4' - bis (N - phenyl - N - (4" - methylphenyl) 
amino) biphenyl , 4, 4* - bis (N - phenyl - N - (3" - 
rnethylphenyi) amino ) biphenyl , 4, 4' - bis (N- phenyl -N- 
(3" - methoxyphenyl) amino ) biphenyl , 4, 4 1 - bis (N- 
phenyl - N - (1" - naphthyl) amino ) biphenyl , 3, 3 f -di 
methyl -4, 4' -bis (N - phenyl - N - (3* - methylphenyl) 
amino) biphenyl, 1,1 -bis ( 4' - [N,N-di (4" - methylphenyl) 
amino] phenyl) cyclchexane,9,10-bis (N - (4* - 
methylphenyl) - N - (4" - n-butyi phenyl) amino ) 
phenanthrene , 3,8 - bis (N,N-di phenylarrrino) - 6 - phenyl 
phenanthridine and4-methyl-NJ^-bis(4",4"' -bis[N\ 
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N-di (4 - methylphenyi) amino] biphenyl - 4-yl ) aniline, N, 
N - bis (4 - (diphenyiamino) phenyl ) - N, N*-di phenyl - 1 ,3- 
di amino benzene , N, N* - bis (4 - (diphenyiamino) phenyl ) - 
N, N-di phenyl - 1,4-di amino benzene, 5,5" -bis (4-(bis[4- 
methylphenyl] amino) phenyl ) - 2, 2' : 5* ,2" - terthiophene , 
1 ,3,5 - tris (diphenyiamino) benzene , 4, 4' , 4" - tris (N - 
carbazolyl) triphenyl amine and4, 4' , 4" - tris (N-(3 W - 
methylphenyi) - N - phenylamino ) triphenyl amine , such as 1, 
3,5 - tris (N - (4'-di phenylamino phenyl) phenylamino ) 
benzene ), polythiophene and its derivative and the poly N - 
vinyl carbazole derivative are more desirable as compound 
which possesses other positive hole injection transport 
fiinctionwhich it uses. Regarding to this invention, when it 
jointly uses compound which possessesthe compound and other 
positive hole injection transport function which are displayed 
with General Formula (1), asfor ratio of compound which is 
displayed with General Formula ( 1 ) which itoccupies in positive 
hole injection transport layer, it manufactures in preferably 
and 0. 1 to 40 weight % extent. 



[003 1 ] Luminescent layer 4 is layer which contains compound 
which possesses thefunction which foims exciton injection 
function of positive hole and electron,those transport 
function , with recombination of positive hole and electron, 
at least 1 kind using fluorescence compound ( for example 
acridone derivative , quinacridone derivative , polycyclic 
aromatic compound ( for example rubrene , anthracene, 
tetracene, pyrene, perylene, chrysene, decacyclene, 
coronene , tetra phenyl cyclopentadiene , pentaphenyi 
cyclopentadiene , 9,10-di phenyl anthracene , 9,10 - bis 
(phenyl ethinyl) anthracene , 1,4 - bis (9' - ethinyl anthracenyi 
) benzene, 4, 4' -bis (9" - ethinyl anthracenyi ) biphenyl), 
triaryl amine derivative (compound which you mention earlier 
as compound which possesses for example positive hole 
injection transport function can be listed), organometallic 
complex ( for example tris (8 - quinolinolato) aluminum , bis 
(10-benzo[h] quinolinolato) beryllium , zinc salt of2-(2'- 
hydroxyphenyl) benzoxazole, zinc salt of 2 - (2' - 
hydraxyphenyl) benzothiazole, zinc salt of 4 - hydroxy 
acridine), stilbene derivative ( for exanple 1,1,4,4 - tetra 
phenyl - 1 ,3 - butadiene , 4, 4 1 - bis (2,2kU phenyl vinyl) 
biphenyl ), coumarin derivative ( for example courmrin 1, 
coumarin 6, coumarin 7, coumarin 30, coumarin 106, 
coumarin 138, coumarin 151, coumarin 152, coumarin 153, 
coumarin 307, coumarin 31 1, coumarin 31 4, coumarin 334, 
coumarin 338, coumarin 343 and coumarin 500), such as 
pyran derivative ( for example DCM1 and DCM2), oxazone 
derivative ( for example Nile red ), benzothiazole derivative , 
benzoxazole derivative , benzimidazole derivative , pyrazine 
derivative , cinnamic acid ester derivative , poly N- vinyl 
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carbazole and its derivative , polythiq>hene and its derivative , 
polyphenylene and its derivative , poly fluorene and its 
derivative, polyphenylene vinylene and its derivative , poly 
biphenylene vinylene and its derivative , poly terphenylene 
vinylene and its derivative , poly naphthylene vinylene and its 
derivative , polythienyiene vinylene and its derivative ) which 
possesses compound and/or other light emission functicmwhich 
is displayed with General Formula (1) it can form luminescent 
layer. 

[0032] Regarding organic electroluminescent element of this in 
vention, it is desirable to contain compoundwhich in 
luminescent layer is displayed with General Formula (1). When 
compound which possesses compound and other light emission 
function which aredisplayed with General Formula (1) is jointly 
used, as for ratio of compoundwhich is displayed with General 
Formula (1) which is occupied in luminescent layer, the 
preferably , 0.00 1 to 99.999 wt% extent , more preferably and 
0.01 to 99.99 wt% extent , furthermore it manufacturesin 
preferably and 0.1 to 99.9 wt% extent 

[0033] Regarding to this invention, luminescent orgqnometalli 
c complex is more desirable as compound whichpossesses other 
light emission function which it uses. As stated in for example 
Journal of Applied Physics (0021-8979, JAPIAU) , 6 5, 3 610 
(1989) and Japan Unexamined Patent Publication Hei 5- 
214332 disclosure , also to constitute with from thehost 
compound and guest compound (dopant) it is possible 
luminescent layer. It is possible, furthermore, to form 
luminescent layer compound which isdisplayed with General 
Formula (1), as host compound using, it is possible also toform 
luminescent layer as guest compound using. When luminescent 
layer compound which is displayed with General Formula (1), is 
formedas guest compound using, luminescent organometallic 
complex is desirable as host compound In this case, compound 
which is displayed with General Formula (1) vis-a-visthe 
luminescent organometallic complex, is used, preferably , 0.001 
to 40 wt% extent, mare preferably , 0.01 to 30 wt% extent, 
the particularly preferably and 0.1 to 10 wt% extent 

[0034] It is not something which especially is limited as luirdnes 
cent organometallic complex which isjointly used with 
compound which is displayed with General Formula (1). 
luminescent organoaluminum complex is desirable, luminescent 
organoaluminum complex which possesses substituted or 
unsubstituted 8 - quinolinolato ligand is moredesirable. As 
desirable luminescent organometallic complex, luminescent 
organoaluminum conplex which is displayed with for example 
General Formula (a) to General Formula (c)can be listed. 

(Q)3-A1 (a) 

(In Formula, Q displays substituted or unsubstituted 8 - quinolin 
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olato ligand. ) 

(Q)2-Al-0-L (b) 

(In Formula, Q displays substitution 8 - quinolinolato ligand, O - 
L isthephenolate ligand, Ldisplays carbon nurnber 6 to 24 
hydrocarbon group which includes phenyl portion. ) 

(Q)2 -Al-0-Al-(Q)2 (c) 

(In Formula, Q displays substitution 8 - quinolinolato ligand. ) 

[0035] As embodiment of luminescent organometallic complex, 
for example tris (8 - quinolinolato) aluminum and tris (4 - 
methyl - 8 - quinolinolato ) aluminum, tris (5 -methyl -8- 
quinolinolato) aluminum, tris (3,4-di methyl - 8 - 
quinolinolato) aluminum, tris (4,5-di methyl - 8 - 
quinolinolato) aluminum, tris (4,6-di methyl - 8 - 
quinolinolato) alunrinum,the bis (2 - methyl - 8 - 
quinolinolato ) ( phenolate ) aluminum, bis (2 - methyl - 8 - 
quinolinolato ) (2 - methyl phenolate ) aluminum , bis (2 - 
methyl - 8 - quinolinolato ) (3 - methyl phenolate ) 
aluminum ,the bis (2 - methyl - 8 - quinolinolato ) (4 - 
methyl phenolate ) aluminum, bis (2 - methyl - 8 - 
quinolinolato) (2 -phenyl phenolate) aluminum, bis (2- 
methyl - 8 - quinolinolato ) (3 - phenyl phenolate ) 
aluminum, 

[0036] Bis (2 - methyl - 8 - quinolinolato ) (4 - phenyl phen 
olate) aluminum, bis (2 - methyl - 8 - quinolinolato ) (2,3- 
dimethyl phenolate) aluminum, bis (2 - methyl - 8 - 
quinolinolato ) (2,6-di methyl phenolate ) aluminum , bis (2 - 
methyl - 8 - quinolinolato ) (3,4-di methyl phenolate ) 
aluminum, bis (2 -methyl -8 -quinolinolato) (3,5-di 
methyl phenolate ) aluminum, bis (2 - methyl - 8 - 
quinolinolato ) (3,5-di - t-butyl phenolate ) aluminum , bis (2 - 
methyl - 8 - quinolinolato ) (2,6-di phenyl phenolate ) 
aluminum , bis (2 - methyl - 8 - quinolinolato ) (2,4,6 - 
triphenyl phenolate ) aluminum, bis (2 - methyl - 8 - 
quinolinolato) (2,4,6 -trimethyi phenolate) aluminum, bis (2- 
methyl - 8 - quinolinolato ) (2,4,5,6 - tetrarnethyl phenolate ) 
aluminum, bis (2 - methyl - 8 - quinolinolato) (1 - 
naphtholate ) aluminum, bis (2 - methyl - 8 - quinolinolato 
) (2 - naphtholate ) aluminum, bis (2,4-di methyl - 8 - 
quinolinolato ) (2 - phenyl phenolate ) aluminum , bis (2,4-di 
methyl - 8 - quinolinolato ) (3 - phenyl phenolate ) 
aluminum, bis (2,4-di methyl - 8 - quinolinolato ) (4 - 
phenyl phenolate ) aluminum, bis (2,4-di methyl - 8 - 
quinolinolato) (3,5-di methyl phenolate) aluminum, bis (2,4- 
di methyl - 8 - quinolinolato ) (3,5-di - t-but)d phenolate ) 
aluminum, 



ISTAs Paterra(tm), Version 1.5 (There may be errors in the above translation. ISTA cannot 

be held liable for any detriment from its use. WWW: ht^://www.intlsciaice.com Tel:80O430-5727) 



P.21 



JP 99097 180A Machine Translation 

x/7-K) 7;U5-^A. ex (2, 4-v*T;U-8- 
*/'J/^-h) (3. 5-v-tert-:7*n>7x/ 7- h 

[0037] ex (2-y*;b-8-*</ 'jy t;u 
;=-OA-//-**v-ex (2-/fiH8-tyj/7 
-h) 7;u5-^a. ex (2. 4-v>^-8-*/'; 
/7-h) r;u5-^A-^-^*v-ex (2. 4-^> 

T;u - 8 _^y ij/7-H 7;U5-^A, ex (2-** 

**v-ex <2-/*^-4-x?ju-8-*v ^7- 

h) 7J^-OA, ex (2->^-4->h^>-8- 

7A^-^A-//-**y-ex (2-> 

ex (2-/W-5-^7/-8-+/'jy7-h) 7;U 
S^^A-//-*^rV-eX (2-/W-5-V7/-8 

-*;g/7-M 7;us-OA. ex (2->^;u-5- 

^ v - ex ( 2 - * 5 - h <j 7fl* □ / 
s-*y 7;us-^A£fc*££(fSc:i*<-e# 

[0038] s^sasi&isi*, ^^bcoa^oaA* 
(1) r*a$n*<b^i*tecfcr//*tri*i&<z)m : f?^A«i^« 

fl6£*Tf*<b£fc (Wxlf. *fffl£Hi8<* C$l*tf. MJX 
(8-^/ 7;U5-^A. ex (10-^>7 

[h] */'J/v-h) *'J'J^A] % **^7vf-;u8$' 
<*. hU7y-;UBS*i*. h'J7v>§&#<*. ^'J^S» 

- KpB»:7;u*L// ^*tf7>vt 

-«5S (1) T**£*iS<bSfc£S*rL-Cl^ 
£tf*f*Ll*o -«* (1) T**£ft&<b£&<h«i0«^;i 

»*l<i*. 0. ims%Ki±. *y**L<», 0 

1-40MS%SS. L<(** 0. 2-301 

S%8fi. ftir#£L<(*. 0. 5-2 0ES%ga^igS 
#*WI=*5l>T(*. -®St (1) V$LZti$>it£tot 

5tt*gi§<* C«xli. S5ffi-«5£ (a) «5C (c) T* 

&S*i4<b£«5] £«fffiLT. a^&A#£g£^lfrri>c 



[0037]Bis (2 -rr^yl- 8 -quinolinolato) aluminum- - 
oxo - bis (2 - methyl - 8 - quinolinolato ) aluminum, bis 
(2,4-di methyl - 8 - quinolinolato ) aluminum- -oxo- 
bis (2,4-<ii methyl - 8 - quinolinolato ) aluminum, bis (2- 
methyl - 4 - ethyl - 8 - quinolinolato ) aluminum- - 
oxo -bis (2 - methyl -4 - ethyl - 8 - quinolinolato ) 
aluminum, bis (2 - methyl -4 - methoxy- 8 - 
quinolinolato) aluminum- - oxo - bis (2 - methyl - 4 - 
methoxy- 8 -quinolinolato) aluminum, bis (2 - methyl - 
5 - cyano - 8 - quinolinolato ) aluminum- - oxo -bis 
(2 - irethyi - 5 - cyano - 8 - quinolinolato ) aluminum and 
bis (2 - irethyi - 5 - trifluoromethyl - 8 - quinolinolato ) 
aluminum- - oxo -bis (2 - methyl - 5 - 
trifluoromethyl - 8 - quinolinolato ) aluminum etc can be 
listed. Of course, it is possible to use luminescent 
organorretallic complex, with alone, or theplural to jointly use 
is possible. 

[0038] Electron-implanted transport layer 5 makes fill of elector 
on from cathode easy is layerwhich contains compound which 
possesses function which transportsthe electron which 
functioned, and was filled and. at least 1 kind using compound 
(Such as for example organometallic complex ( for example 
tris (8 - quinolinolato) aluminum and bis (10 -benzo [h] 
quinolinolato) beryllium), oxadiazole derivative , triazole 
derivative, triazine derivative, peryiene derivative , quinoline 
derivative , quinoxaline derivative , biphenyi quinone 
derivative , nitro-substituted fluorenone derivative and 
thiopyran dioxide derivative ) which possesses compound and/or 
other electron-implanted transport functionwhich is displayed 
with General Formula (1) it can form electron-implanted 
transport layer. Regarding organic electroluminescent element 
of this invention, in electron-irrplanted transport layer, it is 
desirable tocontain compound which is displayed with General 
Formula (1). When compound which possesses compound and 
other eledron-implanted transport function which aredisplayed 
with General Formula (1) is jointly used, as for ratio of 
compoundwhich is displayed with General Formula (1) which 
relates to this invention which isoccupied in electron-implanted 
transport layer, preferably, 0.1 weigfrt% or greater , more 
preferably and 0.1 to40wt%extent ,furthemnore it 
manufactures in preferably , 0.2 to 30 wt% extent , particularly 
preferably and the0.5 to 20 wt% extent Regarding to this 
invention, jointly using compound and org^nometalhc complex 
(compound which with for example aforementioned General 
Formula (a) to General Formula (c) is displayed) which 
aredisplayed with General Formula (1), it is desirable to form 
electron-irrplanted transport layer. 
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[0039] As cathode 6, as electrode substance, it is desirable to use 
metal , the alloy or electrical conductivity compound where 
work function is small relatively, for example lithium and 
lithium -indium alloy, sodium and sodium -potassium 
alloy, the calcium, magnesium and magnesium - silver alloy , 
magnesium - indium alloy , the indium , ruthenium, titanium, 
manganese , yttrium , aluminum and the aluminum - lithium 
alloy, aluminum -calcium alloy, aluminum - magnesium 
alloy and graphite thin filmetc can be listed as electrode 
substance which is used for cathode. It is possible to use these 
electrode substance, with alone, or plural tojointly use is 
possible. 

[0040] It can form cathode, cm electron-implanted transport la 
yer these electrode substance, with for example vapor 
deposition method , the sputtering method , ionization vapor 
deposition method , ion plating method and cluster ion beam 
method or other method. In addition, cathode may be 
structure more, or to be multilayer structure ispossible. 
Furthermore as for sheet electrical resistance of cathode, it is 
desirableto set to several hundred /square or below, thickness 
of cathode, it depends on also material of electrode 
substancewhich is used, but generally, it sets to 5 to 1000 nm 
extent , more preferably and the 10 to 500 nm extent 
Furthermore in order to remove light emission of organic 
electroluminescent elementefficiendy, electrode of at least one 
of anode or cathode, being a transparent or semitransparent 
isdesirable, in order generally, for transmittance of emitted light 
to becomethe 70 % or higher, material of anode, it is more 
desirable to set the thickness. 

[0041] In addition, in at least one layer, singlet oxygen quench 
er may be contained regarding theorganic electroluminescent 
element of this invention. As singlet oxygen quencher, it is 
not something which especially is limited, you canlist for 
example rubrene , nickel complex and biphenyl isobenzofiiran 
etc, it is a particularly preferably and a rubrene. It is not 
something which especially is limited as layer where the singlet 
oxygen quencher is contained. It is a preferably , a 
luminescent layer or a positive hole injection transport layer, is 
a more preferably and a positive hole injection transport layer. 
Furthermore when singlet oxygen quencher is contained in for 
example positive hole injection transport layer, it ispossible to 
uniform to contain in positive hole injection transport layer, 
to vicinity of the positive hole injection transport layer and 
adjacent layers (It possesses for exanple luminescent layer 
and light emission function electron-implanted transport layer 
) to contain is possible. As content of singlet oxygen quencher, 
0.0 1 to 5 0 wt% of entire amount whichforrns layer ( for 
example positive hole injection transport layer ) which is 
contained, it is a preferably, a 0.05 to 30 wt%, a more 
preferably and a 0. 1 to 20 wt% 
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[0042] In regard to formation method of positive hole injectio 
n transport layer , luminescent layer and electron-implanted 
transport layer, it isnot something which especially is limited, it 
can produce by farmingthe thin film with for example vacuum 
vapor deposition method , ionization vapor deposition method 
and solution coating method ( for example spin coating 
method , casting method, dip coating method, barcoat 
method and roll coating method, such as Langmuii"^ n "tf 
v jp7method) . With vacuum vapor deposition method , 
when each layer is formed, condition of vacuum vapor 
deposition isnot something which especially is limited. Under 
vacuum of 10-5 Torr extent or less, boat temperature (vapor 
deposition source temperature) of 50 to 400 °C extent, with 
substrate temperatureof - 50 to 300 °C extent, it is desirable 
to execute with vapor deposition rate of 0.005 to 50 nnVsec 
extent In this case, positive hole injection transport layer , 
luminescent layer and electron-implanted transport layer or 
other each layer, under the vacuum, continuing, can produce 
organic electroluminescent element which is superior more in 
the characteristics by forming. When it forms with vacuum 
vapor deposition method , positive hole injection transport 
layer, luminescent layer and electron-implanted transport 
layer or other eachlayer, making use of compound of multiple, 
temperature control doing eachboat which inserted compound 
individually, codeposition it is desirableto do. 

[0043] With solution coating method , when each layer is form 
ed, component which forms eachlayer or component and binder 
resin etc, melting in solvent, ordispersing it makes coating 
solution, positive hole injection transport layer, luminescent 
layer , You can list for example poly N - vinyl carbazole , 
polyarylate, polystyrene, polyester, polysiloxane ,the poly 
methyl acrylate , polymethylmethacrylate, polyether, 
polycarbonate, polyamide, polyinride , the polyamideimide , 
polyparaxyiene, polyethylene , polyphenyiene oxide , 
polyether sulfone , polyaniline and theits derivative , 
polythiophene and its derivative , polyphenyiene vinylene and 
its derivative , poly fluorene andthe its derivative , 
polythienyiene vinylene and its derivative or other polymeric 
compound as binder resin which it can use foreach layer of 
electron-implanted transport layer. It is possible to use binder 
resin, with alone, or multiple tqjointly use is possible. 

[0044] With solution coating method , when each layer is form 
ed, component which forms eachlayer or component and binder 
resin etc, melting in suitable organic solvent ( for example 
hexane, octane, decane, toluene, xylene, ethyl benzene , 
1 - methyl naphthalene or other hydrocarbon solvent , for 
example acetone , methyiethyiketone , methyl isobutyi 
ketone, cyclohexanone or other ketone solvent , for example 
dichloranethane , chloroform, tetrachloro methane , 
dichloroethane , trichloroethane , tetrachloroethane , 
chlorobenzene , dichlorobenzene , chlorotoluene or other 
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haJogenated hydrocarbon solvent , for example ethyi acetate , 
butyl acetate , arayl acetate or other ester type solvent , for 
example methanol , propanol , butanol , pentanol , hexanol , 
" cyclohexanol , methyl cellosolve , ethyl cellosolve , 
ethyieneglycol or other alcoholic solvent , for example dibutyl 
ether, tetrahydrofuran , dioxane, anisol or other ether 
solvent, forexanpleN,NKiin^^ 
dimeth}dacetamide and 1 - methyl - 2 - pyrrolidone , 1,3-di 
methyl - 2 - irrridazolidinone , dimethyl sulfoxide or other 
polar solvent ) and/orwater, or dispersing it makes coating 
solution, it can form thin film withthe various painting 
method. 

[0045] Furthermore it is not something which especially is limit 
ed as themethod which is dispersed. It can disperse to fine 
particulate state making use of for example ball mill , sand mill, 
the paint shaker, attritor and homogpnizer etc. lhregardto 
concentration of coating solution, it is not something 
whichespecially is limited, desired thickness is produced it is 
possible with thepainting method which is executed, to set to 
concentration range which is suitedgenerally, it is a solution 
concentration of 0.1 to 50 weigjit% extent , preferably and 1 
to 30 weight% extent Furthermore when binder resin is used, 
it is not somethingwhich especially is limited in regard to 
amount used. Generally, vis-a-vis component which forms each 
layer (When element of single layer type is famed, in total 
weight of each comrxmentconfronting), it sets tothe 5 to 99.9 
weight% extent, preferably, 10 to 99 weight% extent , more 
preferably and 1 5 to 90 weight% extent 

[0046] In regard to film thickness of positive hole injection tra 
nsport layer , luminescent layer and electron-implanted 
transport layer, it isnot something which especially is limited. 
Generally, it is desirable to set to 5 nm to 5 m extent 
Furthermore with objective which prevents contact withthe 
oxygen and moisture etc vis-a-vis element which is produced, 
the protective layer (stop layer) is provided, in addition element, 
is enclosed in for example paraffin ,the liquid paraffin , silicon 
oil , fluorocarbon oil and zeolite content fluorocarbon oil or 
other inactive substance and it canprotect. for example 
organic polymeric material ( for example fluorinated resin , 
epoxy resin, silicone resin , epoxy silicone resin , polystyrene, 
polyester , polycarbonate, polyamide, polyimide, 
polyainideirnide,polyparax>4ene, polyethylene and 
polyphenyiene oxide), inorganic material (for example 
diamond thin film , amorphous silica , electrically insulating 
glass , metal oxide , metal nitride , metal carbonized substance 
and metal sulfide ), furthermore it can list photocurable resin 
etc asthe material which is used for protective layer, with alone 
to use materialwhich is used for protective layer, it is possible, 
or plural tojointlyuse is possible, protective layer maybe 
structure more, in addition to be multilayer strucrureis possible. 
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[0047] la addition, is possible also fact that for example oxidiz 
ed metal film (for example aluminum oxide film) and metal 
fluoride filmare provided as protective film, to electrode. In 
addition, to surface of for example anode, is possible also fact 
thatthe interfacial layer (intermediate layer) which consists of 
for example org^ophosphorus compound , polysilane, 
aromatic amine derivative and the phthaJocyanine derivative is 
provided. Furthermore, electrode and for example anode can 
also use treating surface, with for example acid , ammonia/ 
hydrogen peroxide or plasma. 

[0048] It is used as for organic electroluminescent element of th 
is invention, generally, as element of direct current drive type, 
but as element of pulse drive type or alternating current (hive 
type you can use. Furthermore applied voltage, generally, is 2 
to 30V extent for example panel type light source, various 
luminescent element, variousdisplay element , you can use 
organic electroluminescent element of this invention, for 
various label and various sensor etc. 

[0049] 

[Working Examples)] This invention furthermore is explained 
in detail below, with Working Example ,but it is not something 
where of course, this invention is limited inthese. 

Working Example 1 

Ultrasonic cleaning it did glass substrate which possesses ITO tra 
nsparent electrode (anode) of thickness 200 nm,making use of 
neutral detergent , acetone and ethanol. substrate was dried 
making use of nitrogen gas, furthermore UV7 ozoneafter 
washing, after locking in substrate holder of vapor deposition 
equipment, vapor deposition tankthe vacuum was done in 3 X 
10-6 Torr . First, on ITO transparent electrode, with vapor 
deposition rate 0.2 nm/sec vapor deposition it did 4, 4* - bis 
(N - phenyl- N - (1" - naphthyl) amino ) biphenyi, in 
thickness of 75 nm, made positive hole injection transport 
layer. Next, on that, from vapor deposition source which 
differs, with vapor deposition rate 0.2 nm/sec codeposition 
(weight ratio 100:0.5)it did compound (1 - 1) (Below , same) 
which is shown in tris (8 - quinolinolato) aluminum and Table 1 , 
in thethickness of 50 nm, made luminescent layer. Next, with 
vapor deposition rate 0.2 nm/sec vapor deposition it did tris 
(8 - quinolinolato) aluminum, in thickness of the50 nm, made 
electron-implanted transport layer. Furthermore on that, with 
vapor deposition rate 0.2 nm/sec codeposition (weight ratio 
10:1) doing magnesium and thesilver in thickness of 200 nm, it 
made cathode, produced the organic electroluminescent element 
Furthermore vapor deposition executed while vacuum state of 
vapor depositiontank was maintained. Inorganic 
electrolurrrinescent element which it produces, under dry 
atmosphere, when imparting itdoes direct current voltage of 
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[0050] Stt«!2-1 4 

£J£0«1l3fcl>T, ftXmtotetfllzf&LT. (1-1 
) *&mti>ftt>Vlz % it^to (1-2-1-14) 



[005 1] Jtttfll 

Sffiftiicfcixr, %%m<DY>mzte^T. fc^fc d-1 



[0052] Jtttfl2 

*IMMlcSl*T. m%MO)Bf&\ztRLX. it£® (1-1 
) £ttJH? B &rt£>iJ(=« i, 3. 5, 7, 8-^>^>^;u 
~4, 4-^^;U^a-4-7t?7-3 a. 4a-^7«f-s 



[005 3] 



1 2V, current of 58 mA/cm2 flowed, light emitting of reddish 
amber of brightness 2240 cd/m2 was verified 

[0050] Working Example 2 to 14 

h Working Example 1, at time of formation of luminescent la 
yer, other thanusing compound (1 - 2 to 1 - 14) for substituting 
which uses compound (1-1), organic electroluminescent 
elementwas produced with method which is stated in Working 
Example 1 . In respective element, under dry atmosphere, 
when imparting it does thedirect current voltage of 12V, light 
emitting of reddish amber was verified. Furthermore 
characteristic was inspected, result was shown in theTable 2 
(Table 4). 

[005 1] Comparative Example 1 

h Working Example 1 , at time of formation of luminescent la 
yer, without usingthe compound (1-1), vapor deposition it did 
in thickness of 50 nm making use ofjust tris (8 - quinolinolato) 
aluminum , other than making luminescent layer, it produced 
organic electroluminescent elementwith method which is stated 
in Waking Exanple 1 . In this element, under dry 
atmosphere, when imparting it does direct current voltage ofthe 
12V, light emitting of green color was verified. Furthermore 
characteristic was inspected, result was shown in theTable 2. 

[0052] Comparative Example 2 

Jn Working Example 1 , at time of formation of luminescent la 
yer, other thanusing 1,3,5,7,8 - pentamethyi - 4,4<ii fiuoro 
- 4 - bora - 3a,4a-di aza - s - indacene for thesubstituting 
which uses compound (1-1), organic electroluminescent 
element was produced with themethod which is stated in 
Working Exanple 1 . In this element, under dry atmosphere, 
when irrparting it does direct current voltage ofthe 12 V, light 
emitting of green color was verified. Furthermore 
characteristic was inspected, result was shown in theTable 2. 

[0053] 
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IJ2 00nm(DITOS5SiS (AS) ^tt^^Xl 

g«£3x 1 0-6 Torr l:3(ELfco *1\ I TOS^SE 
±1", 4, 4' -t*X [N-7i^-N- <3 W 

7Sy) fcf^x-;!/*, H®aa0. 2nm/se 
c t*7 5nm(Dl??i:MU Eft&MiaJIJ: Lfc e XV 
TJ % *<D±iZ. h'JX (8-^'J/7-h) T;i/S-^A 
ir1b-&«5 (1-2 3) mH&feo. 
2 n m/sec "C 5 0 n mVmZiZ&mM (MSit 10 0:1 
. 0) U Mi^lfco MJ* (S-^/'J^- 

h) M2$0. 2nm/sec t5 0nm 

-?7*i/ r 5J*t%i%M7£&&0. 2nm/secT200nm 

<Dm2\z&mm (astti 0:1) unMtu *mi» 

T. 1 2 V(Dlt35aE$EPlJPL/ci:C5. 58mA/cm2 
0>aS6^Si[tlfco S81 950 cd/m 2 o>#efeco*3tA< 



[0054] Working Example 15 

Ultrasonic cleaning it did glass substrate which possesses IK) tra 
nsparent electrode (anode) of thickness 200 nm,making use of 
neutral detergent , acetone and ethanol. substrate was dried 
making use of nitrogen gas, furthermore UV/ ozoneafter 
washing, after locking in substrate holder of vapor deposition 
equipment, vapor deposition tankthe vacuum was done in 3 X 
\0-6 Ton . First, on ITO transparent electrode, with vapor 
deposition rate 0.2 nnVsec vapor deposition it did 4, 4' - bis 
(N - phenyl- N - (3* - methylphenyi) amino ) biphenyi, in 
thickness of 75 nm, made positive hole injection transport 
layer. Next, on that, from vapor deposition source which 
differs, with vapor deposition rate 0.2 nnVsec codepositian 
(weight ratio 1 00: 1 .0)it did tris (8 - quinolinolato) aluminum 
and compound (1 - 23), in thickness of 50 nm, made the 
luminescent layer. Next, with vapor deposition rate 0.2 nnVsec 
vapor deposition it did tris (8 - quinolinolato) aluminum, in 
thickness of the50 nm, made electron-implanted transport 
layer. Furthermore on that, with vapor deposition rate 02 
nnVsec codeposition (weight ratio 10:1) doing magnesium and 
thesilver in thickness of 200 nm, it made cathode, produced the 
organic electroluminescent element Furthermore vapor 
deposition executed while vacuum state of vapor 
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[0055] £16091 6 

m*2oonmo)\Tomwmm mm) **rr4#5x* 

Lfco *<&8ffi£g3i#X£^T£&U £bKUV/* 

SSS3x 1 o-6 Torr IzfiEELfcp S1\ I T02*ESS 
\z % 4, 4' -ex CN-^x ~;u-n- (3 W -*?)\,y 
x-;U) 75/] e?x^;u£. mmm&0. 2nm/sec 

. *<r;±i^ ex (2->^;i,-8-*/ »jy 
S-^A-^-tf-^y-ex (2->^;u-s-^y ijy ^ 
-K) (1-27) £ % Rtt«S«a 

frb. ^ISaaO. 2nm/sec T5 0nm(DJISl;^Ii 
««tt100:2. 0) U**JIiLfc. h ' J X 

(8-*/'jy7-h) 3&®3fi0. 2n 

m/sec -C5 0nm<DSSIz5S*L, Lfc 
o *blC-tO)±(C. 7y*S/^Ai:fi£SSa£0. 2nm 
/sec 1?2 0 0nm(DJi^fZ*^ (SSlt 1 0 : 1 ) LT 

ttJMMBftT* 1 2 V0)|t3lt«E*HW!lDLfctC5 
, 6 OmA/cm^ 0S3K*<3K*t*:. ^S2010cd/m 

2 a)^«fi0^7fe*<iftg$*ifco 



[0056] skam 7 

H*2 00nm<Z>I TOSWBft £*nrS#7XS 

SSS3x 1 o-6 Torr icXELfc. I ToafiBB 

±|Z % 4. 4* ~t*X [N-7HjkN- (3 W 
7x=;» 7^] t7iz;^ a*a«0. 2nm/se 
c ?7 5nm<DJ?£|z^SU jBLaAIMUIfc Lfc. *^ 
V* *<D±\Z % ex (2. 4-5?* ^-8-*/'J/ 7- 
h) 7;U5-^A-//-^V-eX (2, 4-y>W- 

8-4pyy/5-h) r;u5=»>Afcft** (i-i6) * 

* RU&MMffifrh. aa%$0. 2nm/sec T*5 0nm 
m <D&ZlZ#MM (MSttl 00: 4. 0) U #%mtLtz 



depositiontank was maintained. In organic electroluminescent 
element which it produces, undo* dry atmosphere, when 
inparting itdoes direct current voltage of 12V, current of 58 
mA/cm2 flowed, light emitting of reddish amber of brightness 
1 950 cd/m2 was verified. 

[0055] Working Example 16 

Ultrasonic cleaning it did glass substrate which possesses ITO tra 
nsparent electrode (anode) of thickness 200 nrryriaking use of 
neutral detergent , acetone and ethanol. substrate was dried 
making use of nitrogen gas, furthermore UV7 ozoneafter 
washing, after locking in substrate holder of vapor deposition 
equipment, vapor deposition tankthe vacuum was done in 3 X 
10-6 Torr . First, in ITO transparent electrode, with vapor 
deposition rate 0.2 nrrVsec vapor deposition it did 4, 4*- bis 
(N - phenyl- N - (3" - methyiphenyi) amino ) biphenyl, in 
thickness of 75 nm, made positive hole injection transport 
layer. Next, on that, from vapor deposition source which 
differs, with vapor deposition rate 0.2 nnVsec codeposition 
(weight ratio 100:2.0)it did bis (2 - methyl - 8 - quinolinolato 
) aluminum- -oxo-bis (2 - methyl - 8 - 
quinolinolato ) aluminum and compound (1 - 27), inthe 
thickness of 50 nm, made luminescent layer. Next, with vapor 
deposition rate 0.2 nm/sec vapor deposition it did tris(8- 
quinolinolato) aluminum, in thickness of the50 nm, imde 
electron-irtplanted transport layer. Furthermore on that, with 
vapor deposition rate 0.2 nm/sec codeposition (weight ratio 
10:1) doing magnesium and thesilver in thickness of 200 nm, it 
made cathode, produced the organic electroluminescent element 
Furthermore vapor deposition executed while vacuum state of 
vapor depositiontank was maintained. Inorganic 
electroluminescent element which it produces, under dry 
atmosphere, when imparting itdoes direct current voltage of 
1 2 V, current of 60 mA/cm2 flowed, light emitting of reddish 
amber of brightness 2010 cd/m2 was verified. 

[0056] Working Exarrple 17 

Ultrasonic cleaning it did glass substrate which possesses ITO tra 
nsparent electrode (anode) of thickness 200 nrryriaking use of 
neutral detergent , acetone and ethanol. substrate was dried 
making use of rutrogen gas, furthermore UV/ ozoneafter 
washing, after locking in substrate holder of vapor deposition 
equipment, vapor deposition tankthe vacuum was done in 3 X 
10-6 Torr . First, on ITO transparent electrode, with vapor 
deposition rate 0.2 nnVsec vapor deposition it did 4, 4' - bis 
(N - phenyl- N - (3" - methylphenyi) amino ) biphenyl, in 
thickness of 75 nm, made positive hole injection transport 
layer. Next, on that, from vapor deposition source which 
differs, with vapor deposition rate 0.2 nnVsec codeposition 
(weigjit ratio 100:4.0)it did bis (2,4-di methyl - 8 - 
quinolinolato) aluminum- -oxo-bis (2,4-di methyl 
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ff»DLfctC5. 6 1 mA/cm 2 <7>a,Wffi*lfc<» »S 1 
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-8 -quinolinolato) aluminum and compound (1-16), inthe 
thickness of 50 nm, made luminescent layer. Next, with vapor 
deposition rate 02 nm/sec vapor deposition it did tris (8 - 
quinolinolato) aluminum, in thickness of theSO nm, made 
electron-implanted transport layer. Furthermore on that, with 
vapor deposition rate 0.2 nnVsec codeposition (weight ratio 
10: 1) doing magnesium and thesilver in thickness of 200 nm, it 
made cathode, produced the organic electroluminescent element 
Furthermore vapor deposition executed while vacuum state of 
vapor depositiontank was maintained, hi organic 
electroluminescent element which it produces, under dry 
atmosphere, when imparting itdoes direct current voltage of 
12V, current of 61 mA/cm2 flowed, light emitting of reddish 
amber of brightness 1970 cd/m2 was verified. 



[0057] mmm^ 8 
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2nm/sec t5Onm0f?l:^If (MStt 1 0 0 : 1 

. o) u n*&*m&mzmtotzftxmtLtzo n\z* 
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«»B*T. 1 2 Va)lt3lEaESW»lUfctC?>. 58mA 
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[0057] Working Example 18 

Ultrasonic cleaning it did glass substrate which possesses ITO tra 
nsparent electrode (anode) of thickness 200 nm,making use of 
neutral detergent , acetone and ethanol. substrate was dried 
making use of nitrogen gas, finthermore UV7 ozoneafter 
washing, after locking in substrate holder of vapor deposition 
equipment, vapor deposition tankthe vacuum was done in 3 X 
10-6 Torr . First, on ITO transparent electrode, with vapor 
deposition rate 0.2 nm'sec vapor deposition it did 4, 4' - bis 
(N - phenyl- N - (3" - methylphenyl) amino ) biphenyi, in 
thickness of 75 nm, made positive hole injection transport 
layer. Next, on that, from vapor deposition source which 
differs, with vapor deposition rate 0.2 nnVsec codeposition 
(weight ratio 1 00: 1 .0)it did tris (8 - quinolinolato) aluminum 
and compound (1 - 29), in thickness of 50 nm, it made 
theluminescent layer which combines electron-implanted 
transport layer. Furthermore on that, with vapor deposition 
rate 0.2 nmfeec codeposition (weight ratio 10: 1) doing 
magnesium and thesilver in thickness of 200 nm, it made 
cathode, produced the organic electroluminescent element 
Furthermore vapor deposition executed while vacuum state of 
vapor depositiontank was maintained, hi organic 
electroluminescent element which it produces, under dry 
atmosphere, when imparting itdoes direct current voltage of 
1 2 V, current of 58 mA/crrC flowed, light emitting of reddish 
airier of brightness 1950 cd/m2 was verified 
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±\Z % 4. 4' -fc?X (N-7i-^-N- (3" 
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[0058] Working Example 19 

Ultrasonic cleaning it did glass substrate which possesses ITO tra 
nsparent electrode (anode) of thickness 200 nnynaking use of 
neutral detergent , acetone and ethanol. substrate was dried 
making use of nitrogen gas, furthermore UV/ ozoneafter 
washing, after locking in substrate holder of vapor deposition 
equipment, vapor deposition tankthe vacuum was done in 3 X 
10-6 Torr . First, on ITO transparent electrode, with vapor 
deposition rate 0.2 nm/sec vapor deposition it did 4, 4 1 - bis 
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(N - phenyl- N - (3* - methylphenyl) amino ) biphenyl, in 
thickness of 75 nm, made positive hole injection transport 
layer. Next, on that, with vapor deposition rate 0.2 nnVsec 
vapor deposition it did 1 , 1 ,4,4 - tetra phenyl - 1 ,3 - butadiene, 
inthe thickness of 50 nm, made luminescent layer. Next, cm 
that, from vapor deposition source which differs, with vapor 
deposition rate 0.2 nm/sec codeposition (weight ratio 1 00:4. 
0)it did tris (8 - quinolinolato) aluminum and compound (1-1), 
in thickness of 50 nm, made the electron-implanted transport 
layer. Furthermore on that, with vapor deposition rate 0.2 
nm/sec codeposition (weight ratio 1 0: 1) doing magnesium and 
thesilver, in thickness of 200 nm, it made cathode, produced 
the organic electroluminescent element Furthermore vapor 
deposition executed while vacuum state of vapor 
depositiontank was maintained, hi organic electroluminescent 
element which it produces, under dry atmosphere, when 
imparting itdoes direct current voltage of 14V, current of 52 
mA/cm2 flowed, light emission of blue of luminance 2270 
cd/m2 was verified. 
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[0059] Working Example 2 0 
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Ultrasonic cleaning it did glass substrate which possesses JJO tra 
nsparent electrode (anode) of thickness 200 nrrynaking use of 
neutral detergent , acetone and ethanol. substrate was dried 
making use of nitrogen gas, furthermore UV/ azoneafter 
washing, after locking in substrate holder of vapor deposition 
equipment, vapor deposition tankthe vacuum was done in 3 X 
10-6 Torr . First, on HO transparent electrode, with vapor 
deposition rate 0.2 nm/sec vapor deposition it did 4, 4' -bis 
(N - phenyl- N - (3" - methylphenyl) amino ) biphenyl, in 
thickness of 75 nm, made positive hole injection transport 
layer. Next, on that, with vapor deposition rate 0.2 nm/sec 
vapor deposition it did compound (1 - 14), in thicknessof 50 
nm, made luminescent layer. Next, on that, with vapor 
deposition rate 0.2 nm/sec vapor deposition it did 1 ,3 - bis ( 5' - 
(p - t-butyi phenyl) - 1 ,3,4 - oxadiazole -2 -yi ) benzene, in 
thickness of 50 nm, made electron-implanted transport layer. 
Furthermore on that, with vapor deposition rate 0.2 nm/sec 
codeposition (weight ratio 10: 1) doing magnesium and thesilver 
in thickness of 200 nm, it made cathode, produced the organic 
electroluminescent element Furthermore vapor deposition 
executed while vacuum state of vapor depositiontank was 
maintained. In organic electroluminescent element which it 
produces, under dry atmosphere, when imparting itdoes direct 
current voltage of 14V, current of 49 mA/cm2 flowed, light 
emitting of reddish amber of brightness 1990 cd/m2 was 
verified. 
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[0060] Working Example 2 1 

Ultrasonic cleaning it did glass substrate which possesses ITO tra 
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nsparent electrode (anode) of thickness 200 nrrynaking use of 
neutral detergent , acetone and ethanol. substrate was dried 
making use of nitrogen gas, furthermore UV/ ozoneafter 
washing, after locking in substrate holder of vapor deposition 
equipment, vapor deposition tankthe vacuum was done in 3 X 
10-6 Torr . First, on ITO transparent electrode, with vapor 
deposition rate 0.2 nnVsec vapor deposition it did compound (1 - 
10), in thethickness of 55 nm, made luminescent layer. Next, 
on that, with vapor deposition rate 0.2 nm/sec vapor 
deposition it did 1,3 - bis ( 5' - (p - t-butyi phenyl) - 1,3,4 - 
oxadiazole -2-yi ) benzene, in thickness of 75 nm, made 
electron-implanted transport layer. Furthermore on that, with 
vapor deposition rate 0.2 nnVsec codeposition (weight ratio 
10: 1 ) doing magnesium and thesilver in thickness of 200 nm, it 
made cathode, produced the organic electroluminescent element. 
Furthermore vapor deposition executed while vacuum state of 
vapor depositiontank was maintained. Inorganic 
electroluminescent element which it produces, under dry 
atmosphere, when inparting itdoes direct current voltage of 
15 V, current of 68 mA/arC flowed, light emitting of reddish 
ante- of brightness 1 150 cd/rrC was verified. 
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[0061] Waking Example 2 2 

Ultrasonic cleaning it did glass substrate which possesses ITO tra 
nsparent electrode (anode) of thickness 200 nrrynaking use of 
neutral detergent , acetone and ethanol. It dried substrate 
making use of nitrogen gas, furthermore UV/ ozonewashed 
Next, on ITO transparent electrode, luminescent layer of 400 
nm was formed poly N - vinyl carbazole (weight average 
molecular weight 150000) andthe 1,1,4,4 -tetra phenyl- 1,3 - 
butadiene (light emission component of blue), making use of 3 
wt% dichloroethane solution which contains the coumarin 6 ("3 - 
(2' - benzo thiazolyl) - 7-di ethylarrrino coumarin " (hght 
emission component of green color)), and compound (1-5), 
at ratio of respective weight ratio 100:5:3:2,with dip coating 
method . Next, after locking glass substrate which possesses this 
luminescent layer, in substrate holderof vapor deposition 
equipment, vapor deposition tank vacuum was done in 3 X 10- 
6 Torr . Furthermore, on luminescent layer, 3 - (4 ! - t-butyi 
phenyl) - 4 - phenyl - - 5 - (4" - biphenyl) - 1 ,2,4 - triazole, 
with vapor deposition rate 0.2 nnVsec in thethickness of 20 
nm vapor deposition after doing, furthermore on that, withthe 
vapor deposition rate 0.2 nnVsec vapor deposition it did tris 
(8 - quinolinolato) aluminum, in thickness of 30 nmandmade 
electron-implanted transport layer. Furthermore on that, with 
vapor deposition rate 0.2 nnVsec codeposition (weight ratio 
10: 1) doing magnesium and thesilver in thickness of 200 nm, it 
made cathode, produced the organic electroluminescent element 
Furthermore vapor deposition executed while vacuum state of 
vapor depositiontank was maintained. Inorganic 
electroluminescent element which it produces, undo- dry 
atmosphere, when inparting itdoes direct current voltage of 
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12 V, current of74mA/cm2 flowed, light emission of white of 
luminance 1280 cd/m2 was verified. 

[0062] Working Example 2 3 

Ultrasonic cleaning it did glass substrate which possesses ITO tra 
nsparent electrode (anode) of thickness 200 nnynaking use of 
neutral detergent , acetone and ethanol. It dried substrate 
making use of nitrogen gas, furthermore UV7 ozonewashed. 
Next, on ITO transparent electrode, luminescent layer of 300 
nmwas formed making use ofthe poly N - vinyl carbazole 
(weight average molecular weight 150000), 1,3 - bis ( 5' - (p - t- 
butyi phenyl) - 1 ,3,4 - oxadiazole - 2-yi ) benzene and 3 wt% 
didiloroethane solution whicfacontains compound (1 - 35), at 
ratio of respective weight ratio 100:30:3, with dip coating 
method. Next, after locking glass substrate which possesses this 
luminescent layer, in substrate holderof vapor deposition 
equipment, v^ordqx)sition tank vacuum was done in 3 X 10- 
6 Torr . Furthermore, on luminescent layer, with vapor 
deposition rate 0.2 nrrVsec codeposition (weight ratio 10: 1) 
doing magnesiumand silver, in thickness of 200 nm, it made 
cathode, producedthe organic electroluirrinescent element. In 
organic electroluminescent element which it produces, under 
dry atmosphere, when imparting itdoes direct current voltage of 
15V, current of 76 mA/cm2 flowed, light emitting of reddish 
amber of brightness 1 360 cd/m2 was verified. 

[0063] Comparative Example 3 

In Working Example 2 3 , at time of formation of luminescent 
layer, other thanusing 1,1,4,4 - terra phenyl - 1,3 - butadiene 
in place of compound (1 - 35), organic electroluirrinescent 
element was producedwith method which is stated in Working 
Example 2 3 . In organic electric field element which it 
produces, undo- dry atmosphere, when imparting itdoes direct 
current voltage of 15 V, current of 86 mA/cm2 flowed, light 
emission of blue of luminance 680 cd/m2 was verified. 

[0064] Woking Example 2 4 

Ultrasonic cleaning it did glass substrate which possesses ITO tra 
nsparent electrode (anode) of thickness 200 nnynaking use of 
neutral detergent , acetone and ethanol. It dried substrate 
making use of nitrogen gas, fiirtJiermore UV7 ozonewashed. 
Next, on ITO transparent electrode, luminescent layer of 300 
nmwas formed polycarbonate (weight average molecular 
weight 50000) andthe 4, 4' -bis (N-phenyi -N-(3"- 
methyiphenyi) amino ) biphenyl , making use of bis (2 - 
methyl- 8 - quinolinolato ) aluminum- -oxo-bis (2- 
methyi - 8 - quinolinolato ) aluminum and 3 wt% 
didiloroethane solution which contains compound (1-7), 
atratio of respective weight ratio 100: 40 : 60 :1, with dip 
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coating method . Next, after locking glass substrate which 
possesses this luminescent layer, in substrate holderof vapor 
deposition equipment, vapor deposition tank vacuum was done 
in 3 X 10-6 Torr . Furthermore, on luminescent layer, with 
vapor deposition rate 0.2 nm/sec codeposition (weight ratio 
10: 1) doing magnesiumand silver, in thickness of 200 nm, it 
made cathode, producedthe organic electroluminescent element 
In organic electroluminescent element which it produces, under 
dry atmosphere, when imparting itdoes direct current voltage of 
1 5 V, current of 66 mA/cm2 flowed, light emitting of reddish 
amber of brightness 1070 cd/m2 was verified. 



[0065] mm9i25 

uv/7r/>&?*Lfco *7XSfi±l:, ib£to (1 

-1) 2 nmXsec Ti1 00 nma>5$IC 

situ*:. *<o±\^ ??*»>4Aj:a£» mm&&o. 2 

nm/sec V 2 0 O n m(Dff£l::ft3K£ (MStt 1 0:1) 



[0 0 6 6] tf«fl|4 

S6is«2 5(cj3^r. fc^a (1-D ottbyt. 1. 3 

, 5, 7, 8-^0* 4. 4-5/7/1*0- 4 
7-3 a. 4a-S?7-»f-8-^>y-b>tttfflLfcHm* 

Lfc 0 *0>*. Bi±i:X3 7ff-?M«Wtfcl X 
□ ?*T-?*il»Lfci:C5. £82:1. 3. 5, 7. 8 
/*/!/- 4, 4-i?7/l*D-4-tf9-3a f 4 



[0065] Working Example 2 5 

Ultrasonic cleaning it did glass substrate, making use of neutral d 
etergent, acetone and the ethanol. It dried substrate making 
use of nitrogen gas, furthermore UV/ ozonewashed Next, on 
glass substrate, compound (1 - 1), with vapor deposition rate 0. 
2 nm/sec vapor deposition was done inthe thickness of 100 
nm On that, with vapor deposition rate 0.2 nnVsec 
codeposition (weight ratio 10: 1) doing magnesium and silver, 
inthe thickness of 200 nm, it made cathode. Furthermore 
vapor deposition executed while vacuum state of vapor 
depositiontank was maintained, after that, after attaching 
Scotch tape on cathode, the Scotch tape when it peels of£ with 
cathode, also thin film of compound (1 - l)peeled off firm 
glass substrate, as for adhesive force of cathode 
beingsatisfactory was ascertained. 

[0066] Comparative Example 4 

In Woking Example 2 5, other than using 1 ,3,5,7,8 - pentamet 
hyi - 4,4-di fiuoro - 4 - bora - 3a,4a-di aza -s - indacene 
in place of compound (1 - 1), thin film which cathode vapor 
deposition isdcme was produced with method which is stated in 
Working Example 2 5 . after that, after attaching Scotch tape 
on cathode, the Scotch tape when it peels of? it peeled off 
between thin film of cathodeand 1,3,5,7,8 - pentamethyl - 4, 
4-di fluoro - 4 - bora - 3a,4a-di aza - s - indacene, as for 
adhesive force ofthe cathode being a deficiency was ascertained 
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[0067] 

[Effects of the Invention] With this invention , it became possi 
ble to ofier organic electroluminescent element where light 
emission lurrrinanceis superior. 

[Brief Explanation of the Drawing(s)] 

[Pigurel]Itisaoutlinestract^ example(A)of 
organic electroluminescent element 
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[Figure2]ftisaoutlhestmcturaldiagramof 1 example (B) of o 
rganic electroluminesoent element. 

[Figure 3] It is a outline structural diagram of 1 example (Q of o 
rganic electroluminescent element. 

[Figure 4] It is a outline structural diagram of 1 example (D) of 
organic electroluminescent element 

[Figure 5] It is a outline structural diagram of 1 example (E) of o 
rganic electroluminescent element. 

[Figure 6] It is a outline structural diagram of 1 example (F) of o 
rganic electroluminescent element 

[Figure 7] It is a outline structural diagram of 1 example (G) of o 
rganic electroluminescent element. 

[Figure 8] It is aoutline structural diagram of 1 example (H) of 
organic electroluminescent element 

[Explanation ofReference Signs in Drawings] 

1: Substrate 

2: Anode 

3: Positive hole injection transport layer 

3a: Positive hole injection transport component 

4: Luminescent layer 

4a: Light emission component 

5: Electron-implanted transport layer 

5": Electron-implanted transport layer 

5a: Electron injection transport component 

6: Cathode 

7: Power supply 
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-N- ^ n's^f ^ ;wt 5 y » ;U,-K-;^^W ^'T/l/^r ;u 
TSSA/W-rvmimUi. T-k^TSya. xf- 
/P#/H#x/l,7$ya. 7*/l^/l/tfx^7$ya^ 
T)V*)VJ))VX-)VT$; : & ; 7x-;l/75y 
#/W#x;l>£ x 4-/. ^-;U7 x -;P7 5 7 #/I>-#X/l^ 
2-y h^fv7xx;WT5y*;^x;l,« s 4-n-7nttk 

7x-^7 5 y ^;^x;^^)T y -;wr $ y 

x;Pg;0iRtf. 7xX;^;^x;W75y2. 4-Xf- 
;l/7xx;W^;^x;WT5 3-7f-^7xX/k$;t/ 
*x/W7 5 JW$<OT 'J -/Wrt/l/tfx/WT $ y S ; 
tr 7xy^fv^;w#x/kS x 2-yf-;i^7xy^fv*;w 

*x;|^ \-XY**/y x-J^i/tDVit-)^ 4-t-7 
x y # x^;W^x;^^)T U —JV^^i/ftlVft 

y^y^'n^. b Ko^v^yy;^ y-f-^y;^ 

no^y^, y h^r^yy/PS. xhJf^yx 

xhn^7f-;Mf-;PS, : s7 /l-y^-iVt+iv 
t Ho4f>-t7f-;wyf-^. yf-/^7f-;M^ 



[OOlllflUtf, -hn7i-^S, 
^7V7xX;|^ th'Ddrv7xX;^ y?-/l,7x 
X/l^ s y'^f/l/7i-;U, h'J^f;l^7x-;l^, 
^□071-/11, yh=*v7xX;l^ Xhifx7 

i^iH, hy7/M-oyf-^7xXA^, N.N-v'yf- 
/PTSy7xx;^ 77f-/U*. xbat^?-;^ 
^7777-f;^ h K a* v-?- 7^-/1^ y?-;W-7 

V-^-MUf. bnU/t-S, fi-;U. 75-/l^ 

vm/i^ 4 s*V4/i**. ^yya-w/'f/i^ * 
yyf-ry-f^ <yyw srr-owas, 

x/i^ >f y ^S^IS^^T 'J -/PS : «i 
iso-rnt^f-sT*. n-7f~;l/f-*3S, iso-7^-/W-:* 

iso-^yf-/^jj-«. 2-yf-;P7f-;pf-5rs. 1- 
yf-^7^;^^ra, neo-^y^/wf-^a. 1,2-xyf- 

;I,7-o t/P^jf 1 , 1- v'y f;l/7n hVl^*SIS^7 
)\s*)W-*m ; 0Sitf , 7xX;i/f-3j-S N 4-y^;P7x 
x;^5fa. 2-^h^fy7x-Wi. 4-t-7^7 
xX;H-^S^ory-^^»:^tf. TU*** 
i/^;W^x;WS, 2-77 i ydf^*;W^x;l,S^£7)r;P^ 
x;^4f^*^--Kx;^ ; mtti. Ky&Vtti/tlA' 
#-)V&^ 7x^f;Wy*/^-;Hf<077;K 

[0012] mm , y b^^^/^x^y 

,-Jfx;^ xh^^^x/py hdf.^;^x;^ N 
i>-7a^y*/i'^M h^v'*;^x;HS % 
-7a^^*;U-Kx;p^thdf>-^;^x;l,^<7)y;t-3 
^fx^^^x^T/Pn^i/^/PiKx;^ ; mm. 

y v*i'i])ix-)i&m<r)ri\'*)Vi))VX=-ii>r)va* 

^;^x;PS ; mm. V (y h=¥^x^;l,) 75 7 

Aju^-fim. v (xh^fvyf-^) r$y*;^x;p 
v (xhdri/x^) rsy^^x/pg, i; <r 
Dd&tS'X*-*) rsy^/^x/psif^^ (r;W3df 

i/T)V*)V) T$y^^4<x/pa ; {^itf, h*x;l^S, 
rn^x/l/S, l-7rx;l/S s iso-7rx;PS. 1-^y 
f-;H> 2-yf-;u-l- 7rx/i^ 

3-yf-;p-i- 7-fx;^, 2-yf-;i-2- 7f-;^. 2. 

2-x^ryb'x;PS. l-i/TJ-2- 

t*x;|^. 2-V-7V-2- y^-^7x;P*yt'x;PS^<07 

[ 0 0 1 3 ] r 4 , >-ry2. r;^/PS, 

T5;w?/P«, l^^ry-;i/S, mSfg^ry-;u 
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isTSm-.milf. y^-ZPS. x^;PS. n-Tntr 
zPS. iso-yot/Pg. n-y>zPS. iso-7>A-2. se 
c-7>/P2. t-T'f-ZPS. n-'S.V-f-A^ iso-^.yf-^ 

2-y^zP7>zPg, l-y-?-ZP7*-7-ZPS, neo-^i^ 
zPS, l^-vy^/PTnfcrzPS. l,l-vVf-yU7*ot;i/ 
S x cyclo-'O'^zPS. n-'sdf^zPS. 4-y f-/P^y?- 
/PS, 3-yf-zP^yf-zPS, 2-yf-zP'O-f-zPS, l-y 
^/P^y^-zPS. 3,3-i/yf-/P7>zpg N 2.3-i/y-f/P 
7>/Pg. 1.3-^'y Wf-/P£, 2.2-yy*/P7>/P 
S. l.l-if*W7+Mt s 3- 

xf-zPr-f-zPS. 2-xf-/P7>/P£ % l-xf-/P7>zP 

a. 1,2,2-hu^^yf-;^ i.i,2-hyy*/P7> 

/PS. l-xf-zP-2- yf-zPrufzPS. cyclo-^s^>-/P 
S, n-A^zPS. 2-yf-zP^*;/zPS, 
S'ZPS, 4-y*zP'v*s'/Pa£ % 5-yf-ZP^^/Pg, 2, 
4-^f-;^>f-/PS, n-;*7^-/PS, 2-x^-/l^*v 
/PS, 2,5->''y^/P'V*v/P£, 2,5.5- hyyf-/P^y 
^-/PS. 2,4-^^/P^#j^/PS. 2.2.4-hyyf-zP^ 
yf-/PS. n-yx/l^ 3,5,5-M)y^-/P'v*;//PS, 
n-T^/PS. 4-x?-/M-yf-zPS, 4 _ X -?-/P-4.5- ^ 
f-zP^^fv/PS, n-^yri^/PS, n-HT^/PS. 1.3. 
5.7-rh5^^/P^^f-/Pa. 4-7>/P:*?^/P£. 6, 
6-xX?-/P:*?f-/P£, n-M/r>7PS. 6-y^zP-4- 
^f-ZP^-^-f/PS, n-xh^rv/US. n-^O^r^/P 
S, 3.5-v^f-zP^r^-zPS. 2,6-x^f-zPA.rf-zP 
S, 2,4-^f-zP^r^-zPS, 2,2,5.5-rh7^^-zP'\ 
3-^zl^ l-cyclo-^y-^-2.2- ^^-zPTotTzP 
S. l-cyclo-^df-^zP-2.2- ^^ZPTotrzPS^cOS 
if. %®t tti^ttOTzPdfZPS ; 
[0014] fliilf , ^y^'zPS. -haKy'J/im. 

^TJ^yaivm. t Kn* S/OStt*. yf-zp^y 
vzPS, : Jjt^K>=J)^ hyy^/Ky^zPS. 
yyno^yyzPg. y h^O^'/PS. xh^^ 
v^'zpg, M^zPtfoyf-zKy^'zPS, -f7^zpy 
f-/PS, xHa-f7f-/P^f-/PS. xT/-f7f-zP^f- 
ZPS. t Ko^r>-^7f-ZPyf-/PS. yf-zP-*-7f-/py 
f-ZPS. hU7ZP:*ny^Zl^:7f-ZPyf-ZPS3&7)77 
zP^zPS;^^tf. 7i-;«. -h07x-^l > v 
^7i-y«, th"o^y7x-;H < y^-zPyxx 
zPS. ^fzi,7i-zi^. buy^/Pyxx/^ 
?Dn7i-^ yh*>-7xX/l^ Xh^fx^x 
X/PS. M/7/P;toy^-zP7xX/l^ N,N-S/*y-?-zP 
75/7x-Z^ 77^-ZPS, xhD^7f-/PS. v 

ryt-7^-/ps x t ko* W7f-/pg, y^-zp-z-:?-?- 

zPS. h'J7/P^D^f-;^7^/PS^<0|^g^TlZ 
-zWS;tnUzPS, f-xx/PS. 7^x;l^ ^df-tf- 

v-op*. a y^-th/M/p*. **-»/- ^twzi^ 
-rzi^ s^tmzps, o/75-;U, 4 

^M/PS^&St^TU-ZPSiPUtf. t'x/l, 



S. rn^;H, 1-7XXZPS. iso-T^x**, i- 
^>-rx/ws, 2-^yf-z^. 2-yf-zP-l- y^x^ 
S. 3-yf-zP-l- 7't^H. 2-y-f/P-2- 7*xx;U 
S. 2,2-^77 t'x/|^ 2-xT7-2- y?-/P;$ZP;K 
^/Pt'x/l^. 2-V-T7-2- yf-/PX/P*yhXzPS 
^T/P^xzPS$r^ff 5 d fc -?> . 
[00 15] Ri 0 i><}:im u {i7-y5itJS^ 7/P*/P 
& 75/P*zPS. «ffc#7y-zPS. HSfflKTU 
-ZPS. *fctt7;P3*5/***U #ib<ti. 7 7 
*SFF*»*. Rutii^Rn^flsWfcLTtt. 7-y 
nWtf- : Wx-lf , y^-zPS, xf-/PS s n -7"nt/PS. 
iso-TuezPS. n-7>ZPS, iso-7>zPS, sec-7> 
ZPS. t-7*f-ZPS. n-^yf-zPS. iso-^.y^zl^, 2- 

yf-zP7>zPS, l-y^/py^-zps, neo-^y^-zps. 
1,2-yyf-zprofzps. l.i-^y-fzPTntr/PS, cy 

clo-^yf-;I^S. n-A.df^;l^ x 4-y^/P^.y^-/PS, 

3- ^f-zP^y^-zPS. 2-^f-zP^yf-zpa, l-yf-zp^ 

yf-ZPS. 3.3-xVf-zP7*^-ZPS. 2,3-^^7"^ 

s. 1.3-^'y^-zpy^zPS. 2,2-^y^/pyf-zi^. 1. 

2-yyf-ZP7*f-zPS. \.\-\?*+ASf+M&* 3-Xf-/P 

yf-zps. 2-x^zpy^a^ i-xf-zpy^;us. 1,2. 
2-h'jy^/py^s, i.i.2-huy^zpyf-/ps. 1- 

Xf-zU-2- y^-zPTDtrzl/S, cyclo-^^zPS, n-^ 

Tf-zPS, 2-y-?-/p^4f>-zPS, 3-y^/p^dfv-zPS, 

4- ^f-zP^df-v-zPS. S-^f-ZP'sdfv-ZPa. 2,4-x^^- 
ZP^y^-zPS, n-^yf-zPg, 2-xf-zl^dfv;PS. 2. 

5- ^'yf-zPA.^v-y^^ 2.5,5-h izy^-zP^y^zPS. 

2,4->-'yf-/PA.df ^/ps, 2.2.4-h yp<^;p^yf-;p 

S. n-/r:;H, 3,5,5-h'jyf-zP^vzPS, n-f>- 
ZPS. 4-Xf-zP^^^-zPS. 4-xf-;P-4.5- ^"yf-zP^s 
^fi'ZPS, n-^y-rvzPS. n-Pfy/PS, 1.3,5.7-r 

h^y^zp^-y^zps. 4-yf-zP3j-y^-/ps. 6,6-i/x 

f7P:*?f-/PS. n-h UrvZPS. 6-yf-ZP-4- 7*f-/P 
:*??-ZPS s n-rb^T^ZPS. n-^y^f'^ZPS. 3. 

5-vy^-zp^r^zPS, 2,b-i?x*)i*<7i-)vm. 2.4- 
^yf-zP'vrf-zPS. 2,2.5.5-f-h5y^/P's^^/p 
S. i-cycio-^yf-^-2,2- v^^-zpyotrzPS, l-cy 
010-^^/1^-2,2- ^yf-zPT-oe^s^coiiJi. 
t^fi^OT/Pdf/PS; 

[ 0 0 1 6 ] yN=Jf^S. xh^f^S. n-TD 

^vS, iso-yo^dfxS, n-yhdfxS. iso-7*h 
sec-7*h#yS. t-yh^^S. n-^yhdf>- 
S, iso-^>h4f^S, neo-^yh^f^S, n-^i^zP 
^>-S. n- h'TvZP^dfvS^)r/P3df^S ; ^ 
^.«f. ^>v'zPS s xho^y^PS, ^ry^y^'zP 
S. hHo^f^y^PS. y^zl^y->'zPS. y7f 
zP'Oy'zPS, hizyf-zKy^'zPS. y?nn<yy 
zPS. y h^>"<.y^'zPS. ih^f^yjZA*. h'J 
yzp^Dy^^y^a. ^7f-zpyf-zPS. xho 
•^7^/pyf-/PS, vry^7f-/py^zps. tKD^f 
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5^7*jkXf-;HL *f7Ut7f-/kXfvi/*. h'J7 

bKD#y7s-;l^, ^^;P7x-/WS. v^f" 
;P7x-;PS. hU^f-^7x-;PS. x?ot?7x- 

^h^f^x-;^. Xh*v7x^<0^ 
7;^0^^7x-;PS. N,N-y7W$/7i- 

;W£, ^7f-;i«. ^hn^-7f-;i^, i/TJ+7-+Ar 

COSSET y -/i^£*tf h ZbtfT^h. 
[0017] #»BJ!<0HR5S ( 1 ) TTjkiStl&lyYV 

Zbtf~C%&* ffltlf. Journal of Chemical Society, 
Chemical Communication, 1994, 1129-1130{Clc38f5^ 

mizm^WkZtil-WsX; ( 2 ) (ft3 ) T-*$ftl>fl: 

( 3 ) (ft 3 ) T*$*Ufc£ft£l!itLfc8L 7 -y* 

BFFfcWIl/CHIb* ( 1 ) ti3ii^//to^f 



10018] 
[fll3] 




(±5S<K Ri ~R 9 fil?IEtllt. ) *JWHdHv^ 
it&HRsS ( 1 ) T^^nSO-Vtra^rWC^lcO 
ftttfllfcLTti, Witf. mi* (ftl~3) izijkttt. 

[0019] 
[fill 
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[0022] w«mi?iBt*^s. -»o«asia 

l><te!|^IE?L&Afc<fctfiE?lJft&. m-^&AfcJtft; 



[ 0 0 2 3 J #SSBj<o^mi963fc£?li. -ttOUffi 
IBfc, IWBHIW ( 1 ) X'mZtl&fc1imi'J>%< 1 *> 

IBS***?**. *»»^)««WWI3iafffc:*»^ 
T, -flbS ( 1 ) "T*$*i*fl:£*li % E?liiAI&i&S 
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4h mjm*tzii%?&Mtmft£m*i>zbm 

a. hrss ( 1 ) x-mtizft&ifaii. mx-mmtx 

[0024] xmcotfmxmmTm&t ix 
mzmfetz toxii^< . w^-tf . ( a ) us/ 

(01). (B) |©«6/iE?LaA^SS/^tl/lifii 

ss? (02), ( c ) w&ymm/VfmMm 
/mmm? (03 ) . < d ) i$t&/mM/&mm 

=f- (04) &k*£*lfl>.rk#'t£&,, IBfc 

m*n.*w<mmxw?&A,izm<r>m=FX'bh ( e ) 
msmm/msm* (05) 

( D ) S^FflURk LTti. Ifem^?r-S^®-C- 
mz&ftZttWom? (06). ( G ) jEFUiAi&i* 

ma xvmMftz&szitfz-mBmx'-ttnmm 
mzvmzttmnm? (07) . ttz\t (h> 
fr&£vm?^®&&ttzm&2itK~mmmx'~ *t 
e>nm$iiz&mz*tt:M<7>%? (08) tfbh. 
[0025] ^wmwmmxmwt. ztit><r)m 

x. m&xmm. mm. %?mmm*wm 
wtn vtzzttfX'Zi. zk. ztiztKmom? 
cawc. m&A®WBtmmt<?>mz. max 

m^mmt. (A)mm=F. (B)g«*. (o 
a#p, <e)s*f. (F)iaff. (g)s^^ 

tt±(H)£#?Tj>9. SfcWfF*L<tt. (A)S 
Ji (H) »FT*ft. 

[0026] *f&^#»m#IS3Wk LTIi. Ml 

a. (0i) t^-r ( a ) mm/wixmm/m. 
m/m^mjmm/mmm^'o^xm.mi . 

(0lHcfcwC. 2liP&®. 3«JIE?UxA 

us*. 4\smm. 5\m^&xwm. 6um«, 

[0027] *%w<?>iim.%mm?it. m. i 
mnx^hztmzv<. mLttxit. m&& 
-t&hnx-itt^tf. wm^L^mmx-hzztm 
zk. mm. #774£. mtrix+vf^h 

(mm. tfyxxr/K tffy#-**-K 

7*y. *y/f-/M?7?yi— k #yroi;i/ 
^yx^i/y&k'^-M . *awr9^f-y^ 



XCC. Witf. #9-7 4 

ho-^ts-kt-r^i). 

[ 0 0 2 8 3 m&2 k LT l±. tt®Wft*W&<?>:*£ V* 

&m. £&itz&wsmmm.iimzmm}nk ixa 
m&ztmzi\.\ ffimizm-tz'mwgtix 
a. mm. &. m. 
y^^A, K+i?*rJ»* ?v77.T-y. Wc 
s$s. i to (4>y?A-r-r y -s^imf) . * 

'Jf^7iy, 'J ea-;l.&k'£^f *i ktfT'S 
0. »Kw±(^«-rsc:k^T'^S„ tJt. HWKi- 

mmmxh-oxh^K. bh^i^mmm.x-b-ox^x 
ot. xomKit. 5-5 0Q/n^iz^r 

5-1 OOOnmgg. <tO*f*t<<i. 
1 0~5 0 0 n mgJgtClS^fS . 
[0029] lEIlx&MWS 3 . ^fiS*^OE7L ( * 
-;W) (OaASr^t-fSia^. nXX/ii-X^titciEli 

zmmhm&*tth\t-&fa*i$tthmx-bh. te 
n&ximmt. *mitz&z>-&£ ( i ) x-muz 

ft. sKy-N-t-^^ycy-A^WMWrif) 
<ktlSfflv^jS1-4C:k* J T#S. i^. iETLiiA 

[0030] *miiz&uxm^h®<nmK&Atiii& 1 & 

K«r*f *ft^*k ^ y 7 y-^T 5>WWtc 

(«a|i.(f. 4, 4' - fX (N-7X-/P-N- (4" 
-^f;l/7i-/H T57D t*7x-;k 4, 4* -t' 
X CN-7x-/l/-N- (3" 7i 
h'7x-;K 4, 4' -b'X (N-7x-/P-N- 
(3" -^h^fWx^H 75/] b'7x-;K 4, 
4' -t'X [N-7x-^-N- (1" -t7f/W 7 
57) t'7x^;k 3, 3' - : JX+)V-4, 4' -t' 
X(N-7x^-N-(3" -^f;P7x-^) 75 
7)t'7x-;k 1, 1-t'X C4' -[ N. N->? 
(4" -/f-/P7x-;U) 757) 7x-A0 s/^nA. 

9, 10-t'X[N-(4' -^f/P7x- 
;U) -N- (4" -n-7f^7x-;H T57D 7x 
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i-ybl^y. 3, 8-t*X(N, N-v*7x-;WT$ 

N, N-t'X C4" , 4'" -t'Xl N' , N' -v* 
(4-^^7x^)75/) t'7xX/U-4->f 
;P)7^yy, N, N' -t'*C4- (y'7xX/P7$ 
/) 7i-^] — N, N ' -y'7i^- 1 , 
Sy^y-tfy. N , N' -tf* C4- (x7x-/P7$ 
7) 7x^;« — N, N" -y7i-^-l, 4-y'7 
$y<y*'y. 5. 5" -t'X C4- (t'X( 
^7x^/H 75 7) 7i-;W - 2, 2' : 5' , 
2" -^7!^ 1, 3. 5-h^(-;7i- 
^757) 4. 4' . 4" -hOX 

;^NVU;l^) hU7x^75>. 4. 4' , 4" -h 
DXCN-O"' ->f-/P7x-;l/) -N-7iz;i, 
rsy) hy7x-;P7$y, 1, 3, 5-hjxcn 

- (4' -v7x^7S/7x-;l^) 7x-;l/75 

y^y-try**-) . ^y^7xyfcj:^w^ 

tt. XV -N- e^^^V-^SKWW»J: 0*F4 L 
V>. *»fflfciJ^T. HRst ( 1 ) ■Ca$*i4<(fc&»fc 

E?UtAIIBJW+fc:Aft*-«W ( 1 ) T«tf<i6-fk^ 
^Sfl-S-Ji, t<fct 0 . 1-4 0Sft%g^(c|i 

[0031] Wl4ti, E?teJ: WF<38WJMIL 

-wi^onanm. iE?iim^if oamb^* 

*ltt» -«W ( 1 ) vmtihitii&siiiv/tWi 

m<w&mm$Gi-mmtt.&fa mm. 7? y h 
y h>w9*, zmwmt-s® w 

Hf, iV7Vy. 7>hy-t>, Thy-ty, fl^y, 
lOUy, ?y-fey. r*y^I^y s 30^, rh7 
7i^ y ;D^y^yiy s ^y?7i^y?n^ 
y^xy. 9, 10-y'7x-^7yhy-by, 9, 
1 0-t'T. (7x^yHf-;l,) 7yh5-(ry, 1 , 4 
-t'7. (9' -^ s f-~)i>7yVv J t~)V) <y-tfy. 
4.4' -t'X (9" -^~)V7yy-y^-)V) t*7 

x-;H. hyry-^rsyswftcwitf. iE?La 

ZZttfX'ZZ) s ftflbMUSft CWitt. hVX (8 
-=^7yy7-h) 7^S^>7A. h'7.(10-^yV 
(h) ♦/•J^-hXyyw, 2- (2' -bKo 
^^7x-;i^) ^yV**-*y-;l^ffi$8Jg, 2- 
( 2 ■ - 1 Ho^^7 x-;U) <yVf-7V-;K0S» 
tS. 4-t Ho^rx7^y v'ycoffi^] . Xf-jKy 
WMcCfl^tf, 1. 1,4, 4-fh77x-^- 
1, 3-7"^yIy, 4, 4' -t'X(2, 2-S/*7x 
h'7x-;p) , ?vyyg&gflc c«itf, 
?vyyi x ?vyy6. ?-7yy7. ^vyy3o, 
?vyyi 0 6, ^vyyi 38, ?vyyi 5 l „ ? 
vyyi52, x*-?yyi53 s ^7^307. ?v 



yy3i i. y"?yy3i4. 7-?yy3 3 4 s 7vy 
y338. ?-?yy343, ^vyysooD . e?y 
^g#(0Ut;f, dcmi, DCM23 . tf^yy^s 

ft. <yV3i-^y-;^«c. *y«Af S rv-;ug$ 
**. £?5>y»wfr, ^saxx-j^Ra*. ,-try 

- N - £-/k*/PAY^l'& J^*att$flc % f-* 

y*y&£v : *(Dm®fr. XV 7 x-]sy&£Tf*<m 
^y7^uyfeJ:^coK^«t. ;J?y7x-P 
yt'^i^yfci^copsfr, ^yt'7xxuyh'xi^ 

yfcJt^IB&flc. --Ky^-7xxuyt'xl^ytjj; 
VZcommib. XV-i-yi-vyM-vyiiiU^tm 
^y^xxiyyt'xuyfcj:tf^<o^^t') £ 

[0032] *!«Bo*tS«5!%3t«^fctiV^li, H 
KMlz-mft ( l ) T'^ft&ft-^ftfc^LTVv&c: 

fc#*f£U\ -jK^c ( i ) x^iihit-^'mtrnm. 

( 1 ) T*3*i.4<(fc6«W>lteli. »^ L< 
tt. 0. 0 0 1-99. 999»«%SjK, «fc")j8P4L 
<(i. 0. 0 1-99. 99Mi%m&. S^tjffiU 
<Ji. 0. 1-99. 9a*%gjg(cPi!(-f-S», 

[00333 *miiz&^xm^&m<?>3mmmiirr 

V\ 09i(f. J. AppI. Phys., 65. 3610 (1989) . ffBH 
3 F5-2 14 33 2^4Mlfc:|BaoJ:d(c, IBt^Sr* 
^ h-fb^Jt fx hittm ( F-A-y h) tX Vffi&L-f 
hZki>X'$Z. HRS ( 1 ) ?»S*i*<fl:a*£ v * 

^ htt&mt Lxm^xmmzBi&t & z t . 
^fc tf* hr^ ( i ) x-miiut^m. fx 

$m&m&m®Mzttix . < 1 > x-m 

ilhit-SM*. »tL<(i. 0. 0 0 1-4 0Mfi%g 
«J:y»^L<(i, 0. 01-3 0ftl%gS N 

mi<te. o. i-i oMfi%gsffiffl-rs. 

[0 0 34] HHs« ( 1 ) r*$til»^!t?!Jt0fffl-r4 

^{i*S^co8-df y y y hffi(4^ ^fl-rs^ttt 

WJS^S^ftt LT(i. miii. -MX ( a ) — flfctf 
( c ) T'^3ftSfBfett^7/PS-'7i>Oc£^{f S 

(Q) 3 -A1 (a) 
(Q ) 2 -A 1 -0-L (b) 

(^+, Qitmms-^/oyy-bm^^mi. o 
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^tf^S 6-24 (DBtfckm&Zm.'t ) 
(Q ) 2 -Al -O-A 1 - (Q ), (c) 

[0035] mmrn^m^mmt lxm. m 
m. hux (8-*yy/7-H t/ws-^a. i> 
u-^f-zw-s-^y yy?-M 7*5-* 
a, hyx (5-yf-;w^8-^/uy5-h) 7*5 

M7*5-*A. hUXU, 5-v*yf-*-8-* 

yyy?-M r;i/5-^A, hyxu, 
;w-8-*y y/?-M t/ps-^a. t*x (2-y 

^-;P-8-^>"J/9-h) (7x/7-M 7/WS- 
»7A, fx (2-yf-/W-8-*yy/7-b) (2- 
^f;i^7x/7-b) 7/wS-*a n t*x (2-y^;u 

h'x (2->f-*-a-*yyy5-M 

(2-71-^71/7 
-H T/PS-^A. b'X (2-*^-8-*/'J/ 
(3-7i-;l-7i77-h) r;WS-^A, 
[0036] t'X (2-*+)V-Q-*J*)S ! 7-V) 
(4-7i-^7i77-M T/P5-«7A, b'X (2 
-*^-8-*/y/7-W (2, 3-v^^;U7 
xy^-M T/WS-^A, b'X (2-^^-8-^ 

yyy?-M (2, 6-^f-;k7x/7-h) t;w 

S--7A. b'X ( 2-^f-;W-8-#/U>'9-b) 
(3, 4-^f-;P7x/7-h) T^$-»>A. b'X 

(2-yf-;p-8-^yyy7-h) (3, 5-vVf- 

;W7x/^-b) 7/l^-^A. h'X (2-^^-8 
-^7'J77-b) (3, 5-v-tert-7^7x7 
9-M T^S-^A. b'X (2-y^-8-^7U 
y^-h ) (2. 6-^'7x-^7x7 

-^a, fx (2-yf-/P-8-*yy/5-H 

(2, 4, 6-M)7x-/W7x/7-M T^S-^ 
A. b'X (2-yf-;W-8-^f/y77-b) (2. 
4. 6-HJy^<"7x./7-H T^5->7A. b'X 
(2-y^/P-8-3-/'J/7-M (2, 4. 5, 6 
-rh5y^7x75-h) r;W5-»7A. b'X (2 
-yf-;W-8-dr7y/5-h) (l-77h7-H 
T;P5->7A, t'X (2-y^-8-^yj77- 
M <2-^7h7-M 7/1^-^, t'X (2. 4 
-v'yf-;P-8-^7'jy7-h) (2-7x-/W7x 
/y-V) 7/l^-^A. b'X (2. 4- : J**lV-8. 
-*/U77-M (3-7x^7x75-h) 
5--7A. b'X (2, 4-S^?-^-8-*yy/5- 
M (4-7x-^7i77-h)7/l-S-'>A. t'X 
(2, A-VX^fV-S-^SVSy-Y) (3. 5- 
^f^7x77-h) 7*$-*A, t'X (2. 4- 
is**)V-S-*/»;y-Y) (3. 5-v-tert- 



7>/P7x/5-M 7*5 ->7A.. 
[003 7] t'X (2-*f-*-8-*/y/?-M 
T;P5-^A-//-^dfV-t'X ( 2-y 7^-8-* 

yyy^-h) t/ws-^a. t'x(2. 4-x^f-;w 

-8-^/Uy^-h) 7;PS-^A-ju-:fr*y-t* 
X(2, 4-S**f7l'-8-*yy/?-H 

>7a n fx (2-yf-^-4-xf-^-8-^/yy5 
-h) r^s-^A-^-^dfy-fx (2-yf-^- 
4-xf-/p-8-*y yy?-M t^s-^a. fx 
(2-yf-;p-4-y h^-s-^yyy^-H r 
^i-^A-zx-^v-fx <2-yf-;i^-4-y h 
#y-8-^yyy9-h) t/i-s-^a. t*x(2- 
yf-;p-5->-Ty-8-dfyyy5-h) 7/us-* 

A-AC-^dfV-fX (2-yf-/l/-5-v7V-8- 

^yy/7-K) r;w5-»7A. fx (2-y?-/w-5 
-hy7/i/*oyf-;k-8-4fyyy5-h) 7/v-$- 
•7A-M-^v-fx (2-y^-;w-5-hy7/^ 
oy^-8-^yy y^-M r^s-^A^-i:^ 

?mixi>£<. *>z>wiimmmixi>^\ 

[0038] m^Xm^M 5it. i^^om^a 

mt. -®& ( i ) x-mzti&it&btsxv/ttttte 

mtmtif. fyx (8-*yyy?-M 7*5- 
>7a s fx uo-oywi ^yyy^-H^yy 

*7 A) . *4f9-^*TV-yHBIW*, fUTV-/l«W 

tt. #y^^y>is^, y'7x-/w/y^ - 
hD^7;^^y>'i^«£, ^tfe^s^iM h 

SHWWrlf) ^=5r< ttlSfflv^T^-rSifc^-C 
«5SltC. -fl5« ( 1 ) T-*§tl.S-fk-^lr^*L'CV^ 

sct^ifiLv^. -jRst ( l ) -caztiift&toklb 

?^mmwz&#>z>*mifcto&--&& (i)xm 

±. e kO»*L<(i, 0. l~4 0m4%gJg. zuz 
mi<U. 0. 2~30«4%SJg. «fc»*t< 
it. 0. 5~2 0a»3^KCWW-*. *«BHCS^ 
■Ctt. HS^ ( 1 ) X'$k2tihit&fab3m£m®& 
33ieHK5S ( a ) ( c ) x-mtiz 

[ o o 3 9 ] nfii6 1 Lxit. mmmm'bz^ 

m-hzb mi u\ fmizmtzwmmi: ix 
a. wtif. y^A. y^A-^y^A-^. * 
hy»7A. -^hy>A-^y7A-^. ^>-7a. ■? 
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~?ytiy. f/Fyw, T^$x>7A x T/USX^A 

[0040] mm*.. ztit>co%m>nz. mm. m 
m. xA.^'jy/a, J*ymmm. 4*yy-v 

*). n?mjmm<?>±izBm-hzttfX'Zs>. & 

mm^-mmmx$>^xhx<. hhuzmm^ 
x$>^xi>£\\ ft. fk®coi'-hVMmui. stwQ 

■?im.mi}%<7)tmi,zti i h&k. 5-1000 

nmll «tOif*t<{±, 10~5 0 0nmg&£f& 

mwz^i^mxfozztmtK . hrc s 

[ 0 0 4 1 ] ifc, *«WcoW«WH(83iaiS^t:tJV^ 

hti. mzmiKit. >vy\s>x'hh. -mmim? 
aw?* 0 . J: 0 #2 1 < ji. JEn&Ammx$> & . 

Ttj:< v (mm. m. 

itxi>x\,\ -mrmmm>i-r-<7)tt%tix 
n. ttztizm (mm. mmjusssm) zmm- 

Z-kWM.cnO. 0 l~5 0Sft%. ft&L<\±. 0. 0 
5~3 0M*%. i*3#iL<li. 0. 

[0042] ]E?li£A$&iMJiL m^&AS&MJI 

m. M£m%m. 4*>itmm. ®mm>m (mi 

If. xzya-b%. **zhm. ym-bm. 
j^-a-bm. n-fra-bm. 5>/$jl7'7d^ 

ngMmo&mi. mzmfe-r&tcQX'tefrw. 

1 0-5 Torr g£«T?>*£TT\ 5 0-40 
<7)tf-hi&K (!&»&£) s -5 0~3 0 0*CSSO 
SBciWrc, 0. 0 0 5~ 5 0 n m/sec SftO&lfift 



m. mm. m^&xmmmmcomit. mqtx. m 

[0043] mmmtz* o . 

mmm. ttmm^xmmt-th. i 
ottuyy-mmt ixa. mm. xv-n-v- 

ivfuvnv-tv. xvrvis-b. xvx+vy. #y 

XVTSb'. ^'J^f$H. #«JTSH-f 5 

±v*<o®m#. xv**7*yt5£v*?)mm. x 

y&£V*<n%mw. XVi-Ji-uyt'-isyiiXVZ 
«#i««if^i 'Uyy-m 
mt. mkxmtxhXK. t>&wtimmixt> 

[0044] ®mmmz£ o . mz&m-z>w&. 

m*. mi%-tfm& mm. ^*?y. ity^y. 

rijy. Y>vx.y^ *>>uy. xf-^y-^y 

1-iv-)- y?is ym<?>mt*m®j&. mm. r-tb 

y. *^r)V3.+ivr b y. *+)V4 y y^-iv* by. 
yn^^-yy^T-bymm. mm. Vvnu* 
y-y. ?nn*;PA, f-byyan^^y. y'^oni 
yy. bVynaxpy^ •fh5^oox^y s yuu 
<y*£y. iSyarKy-ey^ ?noh;ny^An 

yymtmmm. mm. mmr* 
gf®rr$/i^oxx7v^§!SL mm. **y- 
)V. yuny-jv. y-yy-jv. ^yyy-;u. 
y~)V. i,7u*,**ry-)\,. ,X?-/Hrny/W7\ xf- 

mm. x'yf-^x— f;k fh5hKn77^ 

->'^^^>, r-y-;^^x-r;^«. mm. 

N, N-y^f^ir^p, N, N-^fm 
h7Sh\ l-**Jl—2-VnVby. 1, 3-^ 
f-* - 2 - 4 $ *y 0 *jy > N ^ * *-»M 

z^xmmtL. ^m^mmizxK). mmzmm- 
[0045]^, jmt&umt lxh. mzmfctz 

i>?>Xli%\,w. mm. X-)\s*tu. -fyYitu. ^< 
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J&*-*£fc#T*. HRfcli. 0. l~50m*%S 
§L #4 L<J2. 1-3 0£ftXSftO8ffifflrC& 

^(Ctt, &m<?>®&lzMl,X) . 5-9 9. 9S*% 
B0t ff4t<li. 10~9 9Mft%fI«. J:0»4t 
<li. 15~9 0MX«*WRJt**. 
[0046] iE?l&AIS!&Ji. fBfcE. «?&Ai8i*« 

-fSBWC. fill (ttihff) fcBKtfcO. 4fc»* 
£^«HHW+fc»A LT flOW* I fc # 

•msf. iKyrsF-fSH. ^'j^+yi/^. *y 
xf-wv. x\)? 3 .-vy***H K) . Htfttm (01 

il*tt#7X, *K&<bltK OH&MUlL 

<. fcSWiWMWIbTfcio. MMtt* -JBflUt 

[004 7] ifc* «ffifc«aiRi:LT. 0Utf, 
gtfkK (Witf, KftT;P5-7A!R) . &Jg7-y-fkja 

*8»t*ifci"C#*. s&ic. «s. sutr, mm* 
z<D$tM*. nta. rytxr/iaiMbkist, * 

[0048] **««*«WJMH^fcL -JRfc. < 
BtWBi, HRfc, 2~3 0Vg£T'*>l>. *3fc 
-h^'T'^S. 

[0049] 



HJfe^l 

Jf 3 2 0 0 nm<7> I TOamCfi (Mff) SrWfl»^7 
*®m. T-bhy. x*/-/P*JBvvtjB 

fcBBJetfea, j£*«*3X 1 0-6 Torr ICjfflELfc. 
4-f, ITOjfBBmtfc. 4, 4' -t*XCN-7x 
^-N- (1" -i-yi-ll) 75/) t*7i^H, 
^«3tS0 . 2 nm/sec T'7 5 nmaJRlCflgftU 

mmmmtuz. <%^x-. -eo±tc. hyx (8 

( 1 - 1 ) (JHT. Ht) M:UHI»(>. H» 
3EJS0. 2 nm/sec T5 0 nmOfSKftlf (MS 

jti oo : o. 5) u femtiiz. mz. h»x 

2 n m/sec T5 0 n mtf>J»3lCjlWU 

SO. 2 nm/sec T2 0 0 nm<0«$fcftH« (fift 

jti o : i ) ixmiti. tmmftftmTzmb 
f^sL^inamifffe^^c. k«#h^t, i 2 

VOilgimESrffl&nt^fcC:-?). 58mA/cm2 <r>m 
tSL^an/c. W&2 2 4 0 c d/m* c0#1§fe<0^* J 

[0050] H^01|2~14 

^jtwitfcv^T, mmvmjsuzuLx. < 1 

- 1 ) Htf&*4ffcb>)lC, -fk^ ( 1-2-1 - 1 

H^T, 1 2V<^liiWE*9ttoLfci:i%, jWiftO 

« («4 ) l^U:. 
[005 1 3 itfi^Il 

-D^ftMfc hy^ (8-^yy/5-h) r 
aciktfcowi. nitwitwiea^^cio^iam 

tlfz. $^>(w^<0#ttSrP^. e**m2^(^tfc. 
[0052] Jtl^l2 

mtWlfc^T. JBtl^MBftlcRfC. -fb^J ( 1 
-1) fettJfttiftbOfc. 1. 3, 5. 7, 8-^y 
?*f7l—4, 4-y7^n-4-^7-3a, 4a 
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[0053] 



[»4J 



S2« 





J5S 






(cd/m 1 ) 


(mA/cm* ) 


^JS#) 2 


2 2 6 0 


60 


H£8#f 3 


2240 


54 


4 


2230 


6 1 


^£S#f 5 


226 0 


56 


g&ftl 6 


232 0 


5 7 


§t35#i 7 


225 0 


55 


^£S$I 8 


230 0 


56 


^£S#I 9 


223 0 


59 


USS^l 0 


229 0 


55 


1 


235 0 


55 


ISES^Il 2 


230 0 


56 


HJ3#U1 3 


226 0 


6 0 




23 2 0 


61 


Jt80Jl 


117 0 


82 


JtttW2 


1550 


60 



COO54JHS&0U5 

*3 2 0 0 n m<7) I TO jW«fi ( Bffi ) £ #5 

rthy, x^/-^^fl§v^Ti8 
*>KUV/*y>fc#U:fc, ^«gs<os^*;py- 

CffljeUitk 1*1^3X1 0-6 Torr t«ELfc. 
I TOigBUmhC 4, 4' -h'X CN-7x 

n - (3" -^f*7i_/n rsy) h'7iz 

^Sr. 3£§3&0 . 2 nm/sec T'7 5 nmtf)jp§£3K 

X (8-^y»jy5-h) T>V$.-*7Atil-£M ( 1- 
23) J. ftfrSJMIltt^ immo. 2nm/se 
c T5 0nmOWSJC*l|» (MUfcioo : 1. 0) 

u zt/emt itz. hv* (8-*sv;5- 

h)TA,$-*>lK*.mSUiO. 2nm/seeT'5 0 

2 n m/sec 

■C2 0 0nm^)»Sfc*a» (fiittl 0:1) LTfk 

(fcflWHJRT. 1 2V<7)S»S[mff$:Epja 
5 8 m A/cm* tmWWlfZ. WXl 
9 5 0c d/m* 

[00 5 5] HH0V16 

«S 2 0 0 nmO I TOamffi (Hfi) ^^l/fy 

<f»ttffiSf, T-bhy, x^y-/^ffl^TJB 



6 fc u v/wym item. mmm^mm**?- 

Wffiglfctl, ^»Sr3x 1 0-6 Ton- fcJIEtfe. 
t-T. ITOiMWfffc. 4, 4' -k'^(N-7i- 
;U-N- (3" -^f;P7i-;H TSy} b'7x^ 
2\ &£fjg J^O . 2 n m/sec T'7 5 nmCD*;?^* 

-**y-tr* ( 2- f-^-s -#yyy ?- h> r 
attorn ( 1 -27) mzmmm* 

IMfigJEfcO . 2 n m/sec T*5 0 nm<5Dff§^^ 
« (lUfclOO: 2. 0) U JtetUfcUfc. &|C, 

mjx (8-*yyy9-M 7*$ «*x 

SO. 2 nm/sec X'5 0 nmOif SCggffU 
AlfcUifc Lit. $^C-e<7)±t % V^v^.Ai&S- 
H^3E£ 0 . 2 n m/sec f 2 0 0 n raOf§ (Cft^St 

(Mjti on) i-tmrntu *K«JMt%*7t- 

fEHUfc. ft, Ktli. X*W0ilEEttA*fto&i2 
T. 12Vff)tm&imaLt:bZi % 60mA/c 

m2 *>*awwifc. m&2 oioc d/ m 2 <7)*<tfe 

[0056JHMW17 

93 2OOnm0ITO»JI3B& (MS) Z^-flXy 
zmfcZ. tttffiH, X?y-A,£JBWCj@ 

^teUV/^/yft»Ufca. IMHIB03£«*;^- 
fcffiSLfcGL a»«£3x 1 o-« Torr t«ELfc. 
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i-T. ITOS^mfiLht, 4, 4' -t'X(N-7i 
-;P-N- (3" -**)V7il-)V) 75/] t'7iZ 
3£fj&£0. 2nm/sec T'7 5nmc0JP§K^ 

gL. m&A®mmtiK. awe, *<o±.iz. tx 

(2, A- ! J*1-)V-S-*SVS5-V) r;^-^ 
A-^-?r^y-b'x (2, 4-x/^-8-^y'j 
T^S-^At-ft;-^i(i-i6) g& 

^«i£j£0. 2nm/sec t5 0nm» 
5^1^11* (fiSttl 0 0 : 4. 0) U SBfcJlfcL 
Jt. HJX (8-*/'J./5-r-) T^S-^A 

£ . i£i*aS0 . 2 n m/sec T5 0 n m^Jf 
L. L/c. §^>t^±t. 

VA>tm£m?mf£0. 2nra/sect200nm^S 
(fiMJtl 0:1) LTHfiifcU ^llSmif 

**#B^"r\ 12VcDE&m£E£EPfloL/cfcc:^ 6 1 
m A/ c m* <7>m3SaWl/c. 8K1970c d/m* 
c9f^feOl63fe&>llf2$*i./c. 

[0057) mmmis 

H£2 0 0nmcDITO3§BJM@ (Hffi) Z&t&tf? 
tfttiftSl 7-trh>, x^y-zi^fflwcig 

^sfc^L/c. zcom&&m.m*fxzm^x$mi. ? 

<^uv/^/yifc#L/cf£. 3£fgB<o£«[*;i^- 
fcH£Lfc«. gg*«£3x 1 0" 6 Torr K&EL/:. 

ITO^^hC 4, 4' -t'X(N-7i 
-/U-N- (3" -^f^7i-;H 757] t'7i- 

^«aUS0. 2nm/sec T7 5 nmOJf $£31 

»l, numMmtLtz. K^X\ *<V±.lZ. hV 
X (8-*SVSy-h) T)U$.-VJ>Ub&fa ( 1- 
2 9) li&l.^*®^ mWm.0. 2nm/se 
c T5 0nm©S5{:Mf (ttftl 0 0 : 1. 0) 

u m?r^&&mzmatz3£mtitz. s^tc-eo 

±fc. V/*i^AfctB£38«j£gO. 2nm/sec T 
2 00nmWg$lC^« (SMJtlO : 1) LTUffi 
L. ^mft&ftfiH^fftSSlL/c. ff. iltttt. 3S» 
ffl^«ffiK®£&o/c£iiliJfeL/c. f£SS!L/c#18tt# 
IBK^^t. &*i#B^~r\ 12V«0SSS[«EE$-EnSDU 
/cfc£<?>. 58raA/cm! tom&aWi/c. WS19 
5 0c d/m* ^#ftfe0^3b!«II2§iXJt. 
[00 58] SISIflll 9 

JS$2 00nmtf)ITO;gBIMIi (^«§) £3rf&;#7 
*mM. T*h>, x?y-;Hrfflivcj@ 
^J!&fc?*L/c. *<0SK£S5&tfx£fflvvcS£&U $ 

uzvv/*Y>ffi8itz'<k. mmm.<rmm.*>vy- 

fcfflSLfctt, »3X 1 0-6 Torr KEEL*. 
*-f, I TOjgBjflgSU:^ 4, 4' -t'XCN-7x 
-;l/-N- (3" -^f/^i-^) 7$/) t'7x- 
;l-Sr. H«aSS0. 2nm/sec T'7 5 nm<0JI$fcg£ 
*L. IE?UiAiSft*Jli:L/c. Bcwr. -e^±tc. 1. 



1, 4, 4-fh57x-;P-l. 3-7?xxy£. 
3£tf&g0. 2nm/sec t'5 0 nmc7)Jf ${C^«t. 

&ftjffcL/c. &wc\ -ecojt^ hjx (8-^y; 

r^Sx^Atft-^ ( 1 - 1 ) g£& 
^«3LS0 . 2 nm/sec T5 0 nm^f 
(fiSibl 0 0:4. 0 ) L. H^txAt&S 

Jituc. §^>t-ec7)±tc. v^i/^ts^^ as* 

a^O . 2 n m/sec T2 0 0 n m<0J?$£*3&» (fi 
«Jtl 0 : 1 ) LTRIflifc L. W«m#?6#S75:tf$? 
Liz. ft, ii*«co^t£$l££^/c2*?36 

l/c. mLtz&mmsm^z. mmw&r. 1 

4V<7)aa£mffilrEtlJllL/ci:C^s 5 2mA/cra ! <D 
mmtffiMz. »S2 27 0cd/m2 
iff2£;rl/c. 
[0059) mMM2 0 
Ji$200nm(0ITO2BWIi (HAS) 

waam. r-th>. ^ j-)vm\^xn. 

t>izi)v/*v>imitztk. mmmw.omm*fry- 
mfeuztk. mmmzsx 1 o-^ Ton- ^^iEL/c. 

i-f. IT02BHmffi±fc:. 4, 4' -t'X (N-7x 
~)l-N- (3" -^f/P7i-/H ] t'7x- 

>VZ.mmW£0. 2nm/sec ^'7 5 nm<0J? 
»L. jE?U£M&j&i t L /c . <XV^T. -eco±t;. ^ 
89 ( 1-14) Sr, H«SJg0. 2nm/secT'50n 
m<7)«§tc^L. 3%3feSfcL/:. i^v^T'. *<9±K. 
1, 3 - t'X C 5 ' - (p-tert-7'^-7x-;l,) - 

i,3, 4-^^'ry-/i^-2' f^D^y-b'y 

^«i«0 . 2 n m/sec T'5 0 nmcOffSKH* 
L. m^aA^jMSt Liz. $ S,(C*0>±(c. 
•>Afcffi5-^«gLS0 . 2 n m/sec T2 0 0 nm«S 

zizmm (mmti o -.d txm&t l. wkw& 
mmttmLtz. mm*., mmntmmz 
&iiztt$mitz. fmucfitifMiffc. se 

*l#H^T. 14V^)S«E«BEiS:eJjDL/ci:^^. 4 9 
mA/cm* com^'iiiErl/c. »S1 9 9 0 c d/m^ 

[0060] HJ6W2 1 

^$200nm<7)ITOSBBmii (Hffi) £3rf£#5 
X£«£, 4>tt?5tS5. T-febV. x^y-;W2rfflv^Ti@ 

%m&ttz. zvmsLimmtfxm^x&tiki. $ 
fetuv/^rya^L^m. ^^a<oa«*;p^- 
mfcitz®. mmmz3x 1 o-^ Ton- kmeel*. 

^■f . I TOSHH«g±t:. -ft:^ ( 1 - 1 o ) m 
3f3D£0. 2nm/secT5 5nmC0J¥$tC|g«L, % 
3tltL/c. <jCV^. ^±t^ 1, 3-b'xC5' - 
( p -tert-y^7 x-;l-) - 1 , 3 , 4 -^^f-^^' 

rr-;t,-2' — f;wD<y*>^, H«jSjko. 2n 

m/sec T'7 5nmOJIS{=^L. tt^FtrA^i^fc 
L/C. $£lC*?)±fc, VT'+^^At^Sr^^SS 



(17) 
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0 . 2 nm/sec T'2 0 0 n mcOii$(C*^it (MSit 

10:1) Ltmmt l. wawHWftjesff^fWL 
f^ss!L/i^ffl«^^^^{c. wknw§s.T. 1 5 

V^ESa5EE£EPioU: 6 8raA/om! <7>m 

m^tltc. 1 1 5 0 c d/m* ?)?ftSfe<7)|Bfr!>* 

[006 13 H*lfll22 

J¥S2 0 0nm<0ITO^^fii (MS) £^£#7 

x^y-^Srffi^tS 

.6fcuv/*y>8fc»U:. &tc. iTOj§aflmfii± 

50000). 1, 1, 4, 4— fh77x-;P-l, 

- (2' -*yy>7vy/n -7-^x^7=:/? 

V'jy" (HfecoiB^^) ] . fci^^j ( 1 - 
5 ) £ x -ttl-etflSlifcl 0 0:5:3: 20SfJ£T"& 

jM^-CfflfeLfcH. JIMMI£3x l o-« Torr K« 
ffLfc. Skfc. IBfelO±{C. 3- (4' -tert-y 
f*7i^) -4-7xX;P--5- (4" -fc'7i 
-1.2. 4-r-'j7V-/P£\ H«3[S0. 2 
nm/sec T2 0nm«W3WI*U;tl, S^C^cD 
±*Cs h'J* (8-*/ 'jy^-H TVI^Sx^A^ 
3£*££0 . 2 n m/sec T*3 0 n m<7)Jf § (cgE* 

&£3£j*3&&0 . 2 n m/sec T2 0 0 n m<7)Ji§ fc£ 
IS* (Sftjfcl 0:1) LTUffii U ^mftfSftS 

%T. 1 2V<0K8S«E*9ttDLfcti*. 74mA/ 
cm 2 omSWStfl*:. ffKi 280cd/m2 OBfe 

[0 0 623 0WJ23 

Ji$2 00nm<OITO^mS (US) Z&thtfy 

$>&8c$l T*b>, x.?;-)vzm^Tn 

UzW /*V>ffifrLtz. <Kfc. lT02BJ®Si± 
fc. ^U-N-h*x;^;^\*y-;P (M^P^iMl 
5 00 00) . 1 , 3-h'X C5' - < P -tert-7> 
*7x-;H -1.3. A-tt*ti/TV-)\>-T - 
A /I0 ^y-fe'yfciwt^) ( 1 - 3 5 ) £ s *tl?tl 

mmti 00:30: 3<m^x-^-rh 3m&% : J9 

nnx^y^Srfflvvc. r 4 773- h££J; 0 . 3 
OOnmco?BfcJf£^j£U:. ^IBfe^^ 

Ifl*3xi 0-6 Torr KJSELfc. H 



3W«)±fc, V/*^Afcig£. i&tAgO. 2nm 
/sec T2 0 0nmc7)lS$tit||»(S4Jtl0 : 1 ) 

*WMHI**Ffc, «#fflmT. 1 5V£7)iIiSCE 
£8ttnLfci:£$ % 7 6mA/cm' OHS£*Wl£. 
SJ£ 1 3 6 0c d/m* cO^fffe^fm^tSSflfc. 
[006 3 3 it®W3 

(1-35) OftbOfc, 1. 1. 4, 4-fN57x 
->V- 1 , LfcfiWIi, HSt0lJ2 

EZQtiiOLtzbZZ, 8 6mA/cm2 (7)1^^ 
fc. J&£6 80cd/m* OlH^?Bfe«§2§;hJt. 
[0064] HMPJ24 
Jf§2 0 0nm«0ITOSBjm«i (®fii) 

4»ttaaf5. T-fehX. x?y-/l,£fl§vvcs@ 

iZ. r- («*W^«5 0 0 00) , 

4, 4' -h'^ CN-7xX/W-N- (3" 

i-*) rsy] t*7xx/K h'^ (2-^^-8- 
-■Xf-/p-8-*yyy5-r-) r^sx^fcitxft; 

^ ( 1 - 7 ) *il?tim&itl 0 0:40:6 
0 : l^S"J^-C'#*-r^3aM%^nnx^y^jg^ 
JBWC, f^yTa-HSlcJ:"?, 300nmc7)^Ui 

O-s Ton- tcmEL^:. ^K®co±(c. v/^. 

^Afc®?-, ^ItS^O. 2nm/sec T200nra 

nmzizmm (aiiti o : 1 > lthwi: *« 

S©tl#ffl^T. 1 5VoegS«jEE£EpanUv:i:.r 
6 6mA/cm2 ««8fc&Wifc. ffl«107 0c 
d/m* <Dffi&<7>mtffmZtUz. 

[00651 m&m2 5 

xmmtnLfz. *m&zmM#xzm^xim 

U ZUzuv/xyymitz. dttz. tiyxWi± 

iZ. it-&m ( 1 - 1 ) Sr. mmft&O. 2 nm/sec X 

loonmnmaizmmttz. z<?)±£. 

t^Sr. |g*aS0. 2nm/sec T'2 0 0 nmOJf$ 
£#mm (SUtl 0:1) LT^St Lfc. jB§. 

tt. Mmmommw&z&^fzt&mmit:. *m.. 
vmhizx-i-vi-T—Ti^mitdik. X3 7 tf- 
r*«f Lfct z\b. imt&iz^ iti&ji ( 1-1) ^ 

[00661 it^4 
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SOIW 2 Strive, it&to (l-l) <oftbOfc« 
1. 3. 5, 7, 8 4-^77^ 
o-4-*7-3a, 4a-y'7f-s->f^-tyj 

Pifi&fcl. 3, 5, 7. 8-^y^^f-;i--4, 4 
-^7;^o-4-^5-3 a, 4a-^'Tif-s— f 

[0067] 

[an ^mmiffBts^ i « < a > <oi»i&tii}§0-e 
[02 ] ^rt&m^&fts^ i m ( b ) oflMtsH? 

[03] *«m#?S3t# ; P< 7 > 1 01 ( C ) OflMtiftH-C 
[04 ] *t8«*fBt#^ 1 m ( D ) OfflHI&H'? 



[053 ^am-siBfe^co IP? (e) comfttrnm? 

[06 1 wsm^^^iFo i 0ii ( f ) rtmmmc 
hi. 

[07 1 Gimmtitm? <r> i w ( g > <ostB&iSi§0? 
[08 3 *«WHft**F<o 109 (h) mmmrnT 

1 :f 
2:1 
3 : 

3 a : IE7iaAf&£j£# 

4 :&#Jf 

4 a : f&ftjfcft 

5 : m?&mm 

5 a : m?mMm.ft 

7 :' 



[013 



[023 



5 



•6 
■5 

-4 




[033 



[04 3 
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[05] 



[06] 





[08] 



[07] 




4(3a+4a) 




#^JH»«^rfj^|ZffiraBril90#«! H# 

(72)^# iEM 
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